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'X' H E great Encouragement Mr. ffrig^ 
■*• has hul for many Years pnft in making 
large Orrvnes, with the Motions of all'the 
Plarifts and Saulliies, and the true Motion of 
f^^i^'s Ring, has made him fo ready and 
Mi^eft, that Gentlemen may depend on 
having them made reafon&ble and found, not 
habTe to be out of Order. 

As may be.^ feen by one he made for Mr. 
WatU'% Academy in Tower-Street. 
Another for his Majefty at Kevfin^ton. 
Aoorhir (ct thf Ne«r Koyal, Academy at 
Pert/mouth, 

AnotbfrTor his Grace the Duke ^ jirgyk 
(late Lord Ua.) 

And feveral other larg9 ones for Noblemen 
(md^Gfliittemcn. 

The above, and. ^\ oth(?r Mathematictl, 
Philofophical, and Optical Inftrumerils, are 
nov^ made in the mo(t complete Manner^ 
by B. Cole^ Serviaht to Mr, Wright at the Tim? 
ofthc a bove bgi ng made, and Succcflbr to him 
in the fame Tyadc and Bufineis. 
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T tl E - 

INTRODUCTION, 

CONTAINING 

A Brief Account of the SbLAft 
System, and of the Fixee* 
Stars* 

S E C T. I. 

Of the Order ani Prriods of the Primary 
Planets revohing about the Sun ; and 
of the Secondary Planets round their re- 
JfsBhe Primaries. 

I H E Sun is placed in the Midff 
I of an imnnenfe Space^ whereiri 
[ fix opaque fpherical Bodies re-* 
I volve about him as their Center^ 
Thefe wandring Globes are called the Pla-^^ pImu,. 
netSj whoi at different DiAances, and in dif- 
ferent Periods, perform their Revolutions 
from Weft to Eid, iii the following Order : 
I. \t Mercury is neareft to the Sun of aH 
the Planets, and performs its Courie iti 
B about 
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rbe INTRODUCTION. > 

about three Months. 2. ^Venm in about- 
feven Months and a half. 3. ^ The ficr/ii 
in a Year. 4. * Mars ia about two Years. 
5- 'V Jupiter in twelve. And laftly, ^ Sa- 
turn, whofe * Orbit includes all the reft, 
fpcnds almoft 30 Years in one Revolution 
round the Sun. The Diftances of thePIanet* 
from the Sun are nearly in the fame Pro- 
portion, as they are reprcfented in Plate i. 
1)1%. Suppofing the Diftance of the Earth 
from the Sun to be divided into 10 equal 
parts } that of Mertury will be about 4 of 
thefc Parts ; of Venm 7 ; of Mart 15 j of 
"Jupiter 52 J and that of Saturn 95. 

The Orbits of the Planets are not all in 
the fame Plane, hut varioufly inclined to 
one another J fothat foppofingone of them 
to coincide with the above Scheme, the 
others will have one half above, and the 
other half below it •, interfering one ano- 
ther in a Line pafTmg through the Sen. 
The plane of the Earth's Orbit is called 
the Ecliptic ; and this the Aftrononaers 
make the Standard to which the Planes of 
the other Orbits are judged to incline. The 



Tbe Charaflers placed before the Names of the Pla- 
net), ate for Brevicy's Sake commonly made ufe of by 
Aftroromers, inflcad of the Words at length, as f for 
Vinas, &C 

■ By the Ocbit of a Planet is commonly underflood the 
'Traft orRing. defcribed by its Center round the Son) 
bet by the Plane of the Orbit is meant a flat Sorfaee 
«]ttend4d every Way chro' tbe Orbit infinitely. 

right 
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lE 'M. OrOie'OrJjiu ofHie Planets 
<^4,d(anrtjf pTnti the. Saiu^^ 
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Sfcifi. t. t>f t^ SotAR fiHfEfili ^ 

Hght LiDCpafliog thro' the Sun, and die 
commoD InterieAioh of the Plane of the 
Crbk of any Planet and the feclipticj 
is called the Line of ibe Nodes of th^ Pla** ift4ti 
net } and the Points themfelves, wherein the 
Orbit cuts the EcliptiCjare Called the No^si 
The Inclinations of the Orbits of the 
Planets to the Plane of the Ecliptic) are 
as followsi viz, th<;Orbit of Mercury maked 
an Angle with it of almoft y Degrees} that 
of Fenus fcmething above 3 ^ Degrees .j oi 
Marsy a Utle lei's than s Degrees ( ofju- 
piter, I -J- Degrees } tlnd of Saturn^ about 
2 4- Degrees. The Orbits of the Planets arc 
liot Circles, but EUipfes or Ovdls. What 
anEllipfis hi may beeafilyunderiloodirotxl 
the following Defcription. Imagine two 
fmall Pegs fixed upright on any Plane^ and 
fuppofe them tiedwicb the£hds of a Thread 
fomewbat longer than their DiAance from 
one dnotber : Now if a Pin be placed in the 
Double of the Thread, and turned quite; 
roundj (always ilretching the Thread witU 
the fame Force) the Curve defcribed by this 
Motion is an EUipfii. The two Points 
where the Pe^ ftcNx), (about whith th^ 
Thread was turned) are called the FoCi ot 
that Ellip6s ; and if, without changing the 
Length of the Thread, we alter the Po^ 
fition of the Pegs^ we fhall thin have ttn 
Ellipfis of a different kind from the former; 
and the nearer the Foi;«i'i are together, the 
B 1 tmiii 
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'4 7^^ INTRODUCTION. 

nearer wBl the Curve defcribed be to a 
Qrcle ; until at lail the two Focus's co- 
incide, aad then the Fin in the doubling of 
the Thread will defcribe a perfedl Circle. 
•The Orbits of all the Planets have the Sun 
jnone oiihciTFocus's, and halfthcDiftance 
Exantri' bctwecii the two Focus's is called the Ex- 
tiij- centricity of the Orbits. This Excentricity 
is different in all the Planets, but in moft 
of them it is fo fmall, that in little Schemes 
or loilruoients, made to reprefent the PU' 
netary Orbits, it need not be confidered. 
The Six Planets above-mentiohed, are 
Trimary Called Primaries, or Primary Planets j 
Piauti. but befides thefr, there are ten other Icflcr 
5 cevJa Planets, which arc called Secondarifs, 
Piantts. MoonSy or Sateliites. Thefe Moons al- 
waysaccompany their refpedtive Primaries, 
and perform their Revolutions round them^ 
~ whiUl both together are alfo carried round 
the Sun. Of the Six Primary Planets, there 
we but three, a£ far as Obfervatlon can af- 
^ure us, that have thefe Attendants, viz, 
the Earth, Jupiter, and Saturn. 

TheEarth is atteiided by the Moon, who 
performs herRevolution in about 27-|-Days, 
at the Diflance of about 30 Diameters of 
the Earth frwn it ; and once a Year is car- 
ried round the Sun along with the Earth, 
fupiiiri Jupiter has four Moons,ot SatelHtes% the 
i^our Jirfit or inncrmoft, performs its Revolution 
Moon*, in about one Day and 18 \ Hours, at the 
2 Diflancc 
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Sea, f, Q/* ;if Solar System. $ 

Diftance of 5 ^Semidiameters of Juftiter 
froai his Center j they^coW revolves jbout 
Jupiter in 3 Days and 13 Hours.at the Di- 
lUnce of 9 of his Semidiameters ; thtibird 
in 7 Days and 4 Hours, at the Diftance of 
14 4. Semidiameters; \Xit fourth and outers 
tnojt performs its Courfe in the Space of r6 
Days 17 Hours, and is diftant from ^c- 
piter'% Center, 25 ^ of his Semidiameters. 

Saturn has no Icfe than 6ve iSfl/c//i/«; Jowrf^ 
thc^rff, or innermoft, revolves about him m™"* 
in I Day and 21 Hours, at the Diftance of 
4 4 Semidiameters of h from his Cenierj 
the^fcffi^compleats hisPeriod in 2 -^ Days 
at theDiftance of 5 ^of his Semidiameters^ 
the third, in about 4 4^Days, at the Di- 
ftance of 8 Semidiameters ; the fourtb, 
performs its Courfe in about i6 Days, at 
the DiAance of ] 8 Semidiameters ; the 
^ftb and outermoft takes 79 f Days to 
finifli his Courfc.and is54Semidiamcters of 
Saturn diftant from his Center. The Sa- 
tellites, as well as the Primaries, perform 
their Revolutions from M^eft to Eaft : The 
Planes of the Orbits of the Satellites of the 
fame placet are varioufly inclined to one 
anothcfi and confequently are inclined to 
the Plane of the Orbit of their Primary. 

B^fides thefe Attendants, Saturn is en- Setm\ 
compaOTed with a thin plain Ring.that does King, 
no where touch his Body : The Diameter 
Qf this Ring, is. to the Diameter qi Saturn 
B 3 a& 
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as 9 to 4 1 and the voidSpace between the 
H.ing and the Body of Saturn is equal tq 
the 3r^dth of the Ring iifelf ^ fo that in 
fome Sitpations the Heavens may be feen 
between the Ring and his Body. This fur- 
prizing Ph^norpenon of Saturn's Ring is a, 
jnodcrn Difcovery j neither were the Satel-; 
iites of Jtfpiter and Saturn known to the 
Ancients. The Jovial planets were firft 
difcovere4 by the famous Italian Philofo- 
pher Galilaus, by a Telefcope which he 
firft invented j and the celebrated Cajim^ 
the French King's Aftronomer, was the tirft 
that faw all theSaielHtes of Saturn j which, 
byReafon of their great Diftances from the 
6un,and the Smallnefs of their own Bodies, 
cannot be feen by us, but by the Help of 
' very good Glafles. 
vfcanV TheM[otion of iheprimaryplanetsround 

itaiita, the Sun (as alfo of thp Satellites round 
their refpeftive Primaries) is palled their 
Annual Motion y becaufe they have one 
Vear or Alteration of Seafons compleat iit 
one of thefp Revolutions, Etcfides this 
Annual Motion, four of the Planets, a>/2(. 
VenuSj the ^artk, Mars, and Jupiter rcr 
volve about their own ^is, from fFeJ^ 
to Eafi ; and this is called their Z>iurnal 
^Uiua Motion. For by this Rotation each Point 
of their Surfaces is carried fucceflively to-r 
wards or from the Sun, who always illu- 
minates the Hemifphere which is -next to 
him. the oth^r remaining obfc^re; and 
' ^ WWW 
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while any Place is in the Hemirphcre illu- 
minated by the Sun, it is Day, but when 
it is carried to the obfcure Hcmifphere, it 
becomes Night ; and fo continues, until by 
thisRotation the faid Place is again enlight- 
ened by the Sun. 

The Earth performs its Revolution Diomai 
round its Axis in 13 Hours 56 Minutes ; the®"?. 
* Venus in 24 Days 8 Hours; Mars in 24 s aud'u* 
Hoursand4oMinuteSi and Jupiter tnowt^ 
round hisownAxis in 9 Hours and 56 Mi- 
nutes. The Suo alfo is found to turnround 
his Axis from Weft to Eaft in. 27 Days.- it "J,* 
And the Moon which is neareft to us of turn 
all the Planets, revolves about her Axis ina ™"||5 
Month, or in the fame Space of Time that ax«. 
(he turns round the Earth ^ fo that the Lu-. 
narianshivc but i Day throughout the Year. 

I. The Planets are all Opaque Bodies, The pu, 
having noLight but whatthey borrowfrom ""s^c: 
the Sun : for that Side of them which is and**G^i- 
next towards the Sun, has always been ob- baiu- 
ferved ta be illuminated, in what Pofition 
foever they be ; but the oppofiteSide, which 
the Solar Rays do not reach, remains dark 
and obfcure i whence i( is evident that they 

* N.B. According to fiDfiin/'sObferv&cjODi, fVvKi's 
Axi) iDclinci 7$ Degrees from the PerpendicaUr to tha 
Plane, the Edipcic (which is ji ^ I^eg. more thui tbo 
Axil of aiu Earth) her Tropics are only 15 D». hota, 
her Po!e>, and ber PoUr Circlet at the Came DiJlancQ 
/ram her Eqaetrr ; (a that the Sun's greai«ft Dedina- 
tionon each Sideof her ffsdffr is 75 Deg. by which. 
Die mail uodergoamu^h greater Vviety of i)Cafoii.sihsQ 
wedooaQDr bvih. 

6 4 bav« 
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have no Light but what proceeds from thg 
Sun J for if they had, all Parts of thetn 
would be iqcid wlthput any Darknefs or 
Shadow. The Planets are likewiffj proved 
to be Globular ; becaufe, let what Part fo- 
everof them be turned towards the Sun, its 
Boundary, or the Line fcparating that Part 
from the Oppofite, always appears to be 
Circular J which 9ou{d not happen if they 
were not Globular. 

II. That the Earth is placed betvvixt the 
SsS™ Orbs ofJWorj and r<»^j. and tha? S. ?, 
ronndthe 3> %, and ^, dp all turn round the Sun, 
W is proved from'O.bfervations as follow: 

i. Whenever Venus is in ConJunSion 
with the Sun, thatis, when Ihe is in the . 
fame Direftion froni the Earth, or towards 
thefamcPsrtof the Heavens the Sun is in j 
fhe cither appears with a bright and round 
Face like a Full M6on,orelfe dlfappears : . 
Or if flie is vifible, flie appears horned like 
a new Moon j which PhjEnomcna could 
never happen if ? did not turn round the 
Sun, and was not betwixt him and th^ 
Earth : For fincc all the Planets borrow 
their Light from the Sun, it isneccffarythat 
S *s lucid Face (hould be towards the Sunj 
and wh?n (he appears fully il1umin^ted,0ie 
fiiews the fame Face to the Sun and Earth i 
and at that Time fhe muft be above or be- 
yond the Son ; for in no other pofition 
CouldherilluminatedFaccbefeenfrom the 
_f arth. farther, when (he difappears^ or, 

■ ' ■ if 
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Jf vifible, appears horned ; that Face of 
her's which is towards the Sun is either 
wholly turned from the Earth, or only, a 
fmall Part of it can be ften by the Earth ; 
. and in this Cafe flie muft of Ncccffity be J^'* 
betwixt us ahd the Sun. Let S be the Sttn^ '" '' 
T the Earth, and V Venus^ having the 
fame Face prefeqted both towards the Sun 
and Earth i here it is plain that the Sun 
is betwixt us and Venm^ and therefore we 
muft either place Veni^s in an Orbit round 
the Sun, and likewife betwixt him and 
us, as in Fig. \. or elfe we muft make th^ 
Sun tp movp round tfae Earth \t\ an Orbit 
within that of Venus, as In Fig, 2. Again, 
after Fenus difappearSj or becomes horned, 
at her* 6 with the o, (he then muft be 
betwixt lis and the Sun, and muft move 
either in qn Orbit round the Sun, and be- 
twixt us and him, as in Fig. 1. or elie 
round the Earth, and betwixt us and the 
Sun, as iq Fig, 2. But }''enus cannot move 
fometimes within the Sun's Orbit, and 
ibmetinies without it, as we muft fuppofe 
if flie moves routi4 the Earth j therefore it 
is plain that her Motion is round the Sun. 
Befides the foregoing, there is anbtherAr- 
gument to prove that Venus turns round the 
$un in an Orbit that is within the Earth's, 
becaufe ftie is always obferved to keep near 

* i ii a Mark commonly nfed for Conjonflion : ttiiu 
A ^i(b the ^, ii tq berca^ ConjanfUon wi|^ the Sun. 
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the Sun, and in the fame Quarter of the Hea- 
vens that he is in> never receding from him 
more than about -^ of a whole Circle } and 
therefore fhe can never come in Oppofition 
tohim; whichwouldneceffarily happen, did 
ihe perform her Courfe round the Earth ei- 
ther in a longer or Ihorter Time than aYear, 
And this is the Reafon why F^nus ia never 
wfuiT- to be feen near Midnight, but always either 
wayj ci- in the Morning or Evening, and at mt^ft not 
(her onr ^bove three or four Hours before Sun-riling 
or Evia- or ^fter SuD-fetting. From the Time of i 's 
jAjStMs, fuperior Conjunction (or when flie is above 
the Sun) (he is more Eafterly than the Sun, 
and therefore fets later, and is feen after 
Sun-fetting; and then ihe is commonly call'd 
the Evening Star. But from the Time of 
her inferior Conjunifiion, till fhe comes 
again to the fuperior, fhe then appears mora 
Wefterly than the Sun, and is only to be 
ieen in the Morning before Sufl-riling,and 
is then called the Morning Star. 

After the fame Manner we piovc that 
Mercury turns round the Sun, for he al- 
ways keeps in the Sun's Neighbourhood^ 
and never recedes from him fo far as Venus 
does ; and therefore the Orbit of jf mu'ft 
lie within that of % -, and on the Account 
of his Ncarnefs to the Sun» he can fcldoni 
be feen without a Telefcopc. 
The Of. Man is obfcrved to come in Oppofition, 
Mj!\si- "0** Uk<;wifc to. have all other Afpeas with 

eludes th« thQ 
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the Sun J be always prciervcs a round, fiiU, 
and bpgbt Face, except when he is near his 
CJuadratc Afpcftj when he appears fomc- 
what gibbous, like the Moon three or four 
Day^ before or after thp fiill: Thcrcfore'thc 
Ot\M of ^ muft include the Earth within 
it, and alfo the Sun ; for if he was betwixc 
the Sun and us at the Tipie of his inferior 
Conjundtipn, he would either quite difap- 
pear^ or appear horned, as Fenus and the 
Moon do in that fofition. Let S be the 
Sua, T the Earth, and A P Aforj, both in 
his ^onjunftion and Oppofition to the Sun,'*- h 
and in both Pofitions full i and & C Mars 
at his Quadrature^, when he appears fome- 
what gibbous frorn the Eaith at T* 'Tis 
plain hence, that the Orbit of Mars does 
include the Earth, otherwiie he could not 
come in OppoGtion to the Sunj and that 
it likevrife includes the Sun, elfe he could 
pot appear full at his ConjunAion. 

Mars, when he is in Oppo0tion to thQ 
Sun, looks almofl icvep Times larger ia 
piametcr than when he is in conjunction 
with him, and therefore muft needs be air 
moft fevcn tiroes nearer to us in one Pofition 
than in the otherj for the apparent Magni- 
tudes of far diftant Objects increafe or 4^- 
crcafe in Proportion to their Diftances froha 
us, But Mars keeps always nearly at the 
fame Piftance from the Sun ; therefore 
it is plain that it is not the Earth but ^h^ 
$Ut) tha( ^s fhc Center of his Motion. 

It 
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It is proved in the fame Way, that Ju^ 

piter and Saturn have both the Sun and 

the Earth within their Orbits, atid that the 

Sun, and not the Earth is the Center of 

their Motions ; altho' the Pifproportion of 

the DiAances from the Earth is not fo gr^at 

in Jupiter as it is in Marf, nor fo great in 

Saturn as it is in Jupiter^ by Rcafon that 

they arc at a miich greater Diftance from 

the Sun. 

jsyw/w We have now Ihewn that all the Planets , 

nW ^fu- *'*''" ""o^id ^^ Sun, and that Mercury and 

pffj, Venui arc included between him and ihQ 

Earth, whence they arc called the Inferior 

PloTJets, and that th? Earth is placed between 

the Orbits of Mars 4nd Venus, and there* 

fore included within the Oibtts of MarSy 

Jupiter ^d Saturn, whence they are called 

the Superior Planets : And fince the Earth 

is in the Midde of thefc moveable Bodies, 

and is of the fame Nature with them,. 

we may conclude thatfhe.h^s the fam« Sort 

of Motions } but that live turns round tha 

Sun is prQvetJ thus ; 

TheEarth All the Planets feen from the Earth ap-. 

does not pear to move very unequally, as fomctimes 

bm turn ' ^° g° fi<ftcr, at other times ilower ; fomfr- 

round the times to go backwards, atid foqietimcs to 

^"°- be ftationary, or not to move at all ; which 

could not happen if the ^arth {\oo4 ftilU 

f/g. +. Jl*t S be the Sun, T the Earth, ihe grea,i 

Circle ABC I) %k<i QsbA^oi M^h »p4 

tbft 



UigniaOb, Google 



ScQ. I.' (>f the SbLAR System. t% 

thcNambers 1,2, 3,©'c. itsequablcMotion 
round the Sunj the correfpondent Numbers 
I, 2, 3, &c. in the Circle tf, ^, c, rf, the Mo- 
tion of Man^ as it would be fecn from the 
Earth. It is plain from this Figure, that 
if the Earth flood ftill, the Motion oi Mars 
will be always progreffive, (tho' fome- 
times very unequal ;) but fince Obfervatlons 
prove the contrary,, it neceflarity follows, 
that the Earth turns round the Sun. 

The annual Periods of the Planets round '^H^''^: 
the Sun are determined by carefully obferv- 0"*,^ 
ing the Length of Time fince theirDeparture Motioni 
from a certainPoint in the Heavens,{or from p[j,'^ 
a Fixed Star) . until they arrive to the fame how com^ 
again. By thefe Sorts of Obfervations the P""* 
Antients determined the periodical Revo- , 
lutions of the Planets round the Sun, and 
were fo exaift in their Computations^ as to 
be capable of prediftlng Eclipfes of the Sun 
and Moon. But fince the Invention of 
Tclefcopes, Aftronomical Obfervations are 
made with greater Accuracy, and of Confe- 
quence our Tables are far more perfedt than 
thofe of the Ancients. And in order to 
be as exaA as poiTible, Aflronomers com- 
pare Obfervations made ar a great Diftancc 
of Time from one another, including feve- 
ral Periods ; by which Means,the Error that 
might be in the whole is in each Period 
fubdivided into luch little Parts as to be 
Very inconliderable.Thus the mean Length 
of a Solar Year is known even to Seconds^ 
Tho 
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The Diurnal Rotation of the Ptuiets 
round their Axisj was difcovered by certain 
. Spots which appear on the Surfaces, Thefii 
Spots appear firft.in the Margin of the Pla- 
nets Difks, {or the Edge of their Surfaces) 
and feem by Degrees to creep to*arde tben^ 
Middle, and fo on, going ftill forward, till 
they come to the oppofite Side or Edge of 
the Difk, where they fet or difappear j 
and after they have been hid for the fame 
Space of Time, that they were vifible, they 
again appear to rife in or near the fame 
place, as they did at firftj then to creep od 
progreffively, takJngthefameCourfeasthey 
did before. Thefe Spots have been obferved 
on the Surfaces of the Sun, Venus, Marsi 
and Jupiter ; by which Means it has been 
found that thefe Bodies turn round their 
own Axis in the Times bcfore-mentionedi 
It is very probable that Mercury and Saturn 
havelikcwife a Motion round their Axi^ 
that all the Parts of their Surface may al- 
rernatelyenjoythcLight andHeat oftheSun^ 
and receive fuch Changes as are proper and 
convenient for their Nature. But by. Rea- 
fon of the Nearnefs of If to the Sun, and 
b 's immenfc Diftancc from him, no Obfer- 
vationS have hitherto been made whereby 
(heir Spots, (if th^ have anyj could be dil^ 
covered, and therefore their diurnal Mo^ 
iions could not be determined. The diur- 
nal Motion of the Earth is computed from 
th« 
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the apparent Revolution of the Heavens, 
and of all the Stars Fodnd it, in the Space 
of a natural Day. The Solar Spots do not 
always remain the fame, but fometimes old 
ones vani(h, and afterwards others tiicceed 
in their Room ; fometimes feveral fmall ones 
gather together and make one large Spot, 
and fometimes a large Spot is ieen to be 
divided into many fmall ones. But, not- 
wlthftanding thefe Changes, they all turn , 
round with the Sun in the fame Time. 

The relative Diftances of the Planets HowU.* 
from the Sun, and likewife from each other, -^^1^ 
are determined by the following Methods : of the 
Firft, the Diftances of the two inferior Pla- ^^^%^ 
nets $ and ¥ from the Sun, in Refpeift of Sanve 
the Earth's Diftance from him, is had by ^e^- 
obferving their greateft Elongation from the """ " 
Sun as they arc fecn from the Earth. 

The greateft Elongation of Venm is found Fig. j. 
by Obfervation to be about 48 Degrees, ^''■"f*- 
which is the Angle S T ¥ ; whence, by the ""' 
known Rules of Trigonometry, the Propor- 
tion of S ¥ , the mean Diftance of Venm 
from the Sun to S T, the mean Diftance of 
the Earth from him, may be eafily found. 
After the fame Manner, in the right-angled 
Triangle ST s, may be found the Diftance 
S if of Mercury from the Sun. And if 
the mean Diftance of the Earth from the 
Sun S T be made lOOo, the mean Diftance 
Qi Venus S % from the Sun will be 723 > 
and 
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ahd of MercuryS 5 387: And if the Planets 
moved round the Sun in Circles, having 
him for their Center, the Diftanccs herd 
found vrould be always their true Di^nces : 
but as they move in Ellipfes, their Diftanccs 
from the Sun will be fometimes greater, and 
fomctimcs lefs. Their Uxcentricities are 
computed to be as follows, viz. 

{Mercury 8ojof the Parts a- 
Uxceni^oiX Venus 5^ bove-men- 
l Earth 169) tioned* 
The Diflances of the fiiperlor Planets^ 
viz. J, u, and fc, are found.by comparing 
their true Places, as they are feen from the 
Sun, with their apparent Places, as they are 
feen from the Earth. Let S be the Sun, the' 
^'^- ^- Circle ABC the Earth's Orbit, AG a Line 
touching the Earth's Orbit> in which we'll 
fuppofe the fuperior Planets are feen froni 
the Earth in the Points of their Orbits if 
it, h i and let DEFGH be a Portion of a 
great Circle in the Heavens^ at an infinite Dif- 
tance : Then the Place of Mars feen from 
the Suft is t>, vy^hich is. called his true or 
Htliaetfi- Heliocentric Place-, but from the Earth 
/r.cand he'll be fcen in Gj which is called his ap- 
fiaZ'"'^ parent or Geocentric Place. So likcwifd 
wij^.' Jupiter and Saturn will be feen from the 
Sun in the Points E and F, their Heliocen- 
tric Places ; but a Spectator from tht 
Earth will fee them in the Point of the Hea- 
vens G, which is their Geostentric Place* 
Tbtf 
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Tfie Arches DG, EG, FG, &e ITiffi»%nces 
between the true and apparentPlaces of the 
fnpenof I^anets, are oiUcd the Para/iaxa 
of thcEarth's annual Orb, as fecnfromtbde 
Planets. If thro' tfaeSuawe drawS Hpa- 
ralld to A G, the Anglos A * S, A W S, 
A t S, will be rcfpcdively equal to the 
Angles D S H, £ S H, andFS H} and the 
Angle A G 5 is equal to the AngleG S H, 
whofe Meafurc is the Arch GH-; 'which 
thereibre wUl be the Meafiireof the Angle 
AGS, the Angle under which the Semi- 
diameter A S cd the Garth's Orbit, is ieen 
Irom the Starry tfeavcns. But this Semi- 
diameter is nothing in ttfped of the- im- 
menfe Difiance of the Heavens or Fiiced 
Stars } for from thence it would appear un- 
der no fenfible Angle, but look likeaFdnt. 
And therefore in the Heavens the Angle 
' GSH,ortheArchGH;v3nifiics?i»dtfie 
Points G and H coincide j and the Arches 
-DH, EH» FH, may be ctmfidered as being 
of thelame Bigne& with the Arches DG, 
E G, and F G, which are the Meafures of 
the' Angles A ' S, A V S, A ^ S ; which 
Angles are nearly the greatefl; Elongation of 
the Earth from the Sun, if the Earth be ob- 
ferved from the refpeftivc PIaDets» when 
the Line G ^ V ^ A, touches the Earriis 
Orbit in A. The nearer any of the iuperic>r 
Planets is to the Sun, the greater' isthe I^- 
ralbuc of the Annual On, or the Angle 
C ' under 
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BiriB- i ifekihtheStoi4itou3feiitrfdteEBrAV 
Orbit it fteo frnn 'that PlaaeL ^ In MgM 
dieADgleA f a (Wbichis the yi£blcEkai-r 
gatioa of the Eartb feen f ram A£irr, or 
lh« Pu^allax of die Annual Orb. feen hota 
^stPknet>isabcuit42 Degrees, andthcre* 
idte the 'Earth is always totkeinbsbitanlt 
o£ Mafs either their Morning of Enifiing 
Star> and is never icen by tfaeta To far dif* 
tant from the Sun as we fee f^taiu. The 
vrcfltell Blon^ition of the Earth feen from 
jte/v'^r, being nearly equal to the Aagtc 
A^S,'iB about I L D^ees. In SttAfm^aw 
Angle A h S is but 6 Degrees, whkh b 
tuk moch abov^ ^ Part of the greateft E* 
longattDn we otnerre in Mfraay. And 
^ce^Abv^vutyis (o rarely feen by 09, pro* 
AaUy the-AKTonom^B of Saturn (eKcept 
tbpy* have better Opttcks than we faavo) 
tiavo-iKt yet difedver^ that there, la fuck 
9.]to(fyflS4ur£arth m.die Univerfe.' 

Thfl. Parallax oftht Annual Orb, w the 
^6dteft Btongation of the Earth^ aOrbit Scm 
ROm any or the fuperior Planets, ^ag 
gmft} the Dlftand^ of that Planet £rom the 
^n, itai rslped of the Eturth's Diftanee&eixi 
hiai)' niay be found by the fiune Methods 
K8 the Diftances of the inftrior Hancts were. 
*thas, to find llie Diftance of Mgrs from 
the Sun, it will be as the Sine of the Aiv- 
gle S f A it to ^htRadiuSt fo is the Dif- 
taiiceAS(^ iMOaiiae of the Earth from 
the 
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tks Soli) to &^ , the Diftifit* finm Jtht 500 
&> il&rj. After die fame Maniwr tbcDU) 
Uticcs «f "Ju^ttr and iSotoni are alfo foutaiii 
^IThe mean Diftaace of the Earth from tho 
Sun boingiuade a looOjChemcanDHUocA 
of the feperior Planets froth the Suaai^i 
09X1 t&ckiWBh Diftanw h^ta the Sila:jQf 

■;pi524i''^; •^- -■ "■,-,^; ri4it; 

K.'U 5201 land the Exceritncity) ^50? , 
[fc9538i : 1^473; 

To whichj if you ^d i or. fnbtrad xhek 
Mean Djftonces, we £haU have the greatcfl: 
or leaft Diflxoces of thde Planets framUtt 

■Sum ..■..,,■,..'.,■..■■■ :..;;;.: t 

Thirearaoiher Methods! by vvinqb tfac 
4<lathre DilEaittRs of the Pianefes nug^ he 
ftun4 Jibuti that which. ImA beoftihctt 



How tb* 

abfolata 

Diftucet 

ofth«PU- 

netilrom 

tbe Snn 



&bfohitoDiftsncesm iodic determidateiKileil^ _,_ 
&rr,thcrt ninfthi foibtchn^ given; wheft pundi 
Meafhre is kndwn. NawtheCircumfercncc 
ofthcEattb u divided into' 360 Degrees^ 
4iid each of tbefe DegKcainto 60 Geogra- 
^phica) Miiea, ia thac the whole C^amft*- 
:rcnce coDtanis a 1600 s and by the knotra 
'Pivportion for 6odlng;tbe'' Diameter of a 
C i Circle 
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Circle i&amksCircainfefenCe; thcBardi^t 
Diaineter will hb found to be 6872 A£le^ 
/Wbx atid its Semidiameter 3436 Miles. .TbcPaf - 
Eard't ^'^^^^ of tbc Eacth's Semklfamptty, or the 
Stwdjia- Angle under whidi.it is feenfcom aicertaia 
^'"'- Planet, may /be foand by ebrnpatiog the 
tniePlace of the Pbuiet, as it^woald be ieca 
frpnr the Center of the Earth, ^which is 
k^Qwn by Computation^ withiits apparent 
P(ace, as it is feen from fome point on the 
Fig. 7. Earth's Sur&ce. Let CZA be th& Earth, 
ZC its Semidiameter, 9 Come Planet, and 
BHTan Arch of a, great Cirde In the 
Hfiarens, at ah inifoiite Diftatxie. Now the 
Planet ® will appear from the Earth's Gen- 
tec G, in the- Point of the Heavens K> but 
ar Spe^btof fcim the Pcnnt , Z upon ^he 
Sarth^B Sur&ce; wilhree theTameiC^ea^ 
in ^e Point of the Heavens. 6 { and the 
Arch BH the Diffi)rciiGe» is oqtial to' Uie 
. ^gl£BmH=ZeC;.tfae P<fra/W} which 
''■''■: ^^ l]eiogrknDwn,.thcSideC9 IheliHftaacedf 
, the P&fwt &om^ Cniter of the Earth, 
' aibtbat Time, may bo eafily.&nnd. Now 
i£ this IXftuu» of the Plaatt'fimn the 
. Barth be detenmned* whe6 the Gentecs o£ 
tbetSun^ the &id Planet, and of the Earth, 
!ac. in the fani^e-'right Line, ^ have the 
Violate r^ftaoceof tbePlanet'&QrbitfiDm 
^e Earth's in known M^fure ; then it 
(WiU be, as the relative Diftasce betwixt 
.«he Earth's Orbit &nd that of. the Planet is 
■Sq the relative Diftance of the faid Planet 
from 
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frotai the San ; {q is the Dlftance of the 
nanet's Orbit from the Earth's in known 
Meafureto the Diftance of the faid Planet 
from the Sun in the fame Meafure : Which 
being known, the Diftance of all the other 
Planets from the Sun may be found. For, 
it will be, as the relative Diftance of any 
Planet from the Sun, is to its Diftance from 
him in a known Meafure; fo is the relative 
Diftance of any other Planet from him, to 
its Diftance in the fame Meafure. This 
may be done by finding the Diftance of the 
Planet Mars^ when he is in Oppofition to 
the Sun, after the fame Manner as we find 
the Difhnce of a Tree, or the like^ by two 
Stations. 

Let * be Afiin, D the Point on thfr 
Earth's Suroerficies, where Man is vertitfa) 
when he is m Oppoiition to the Sun,- wbidk 
may be exadly enough found by Calcuta- 
tion, at which Time let an Obfervet', at 
the Point Z (whofe Situation from D muft 
be known) take the Altitude of Mt^s.^ 
whofe Cdmplement will be the Angle * 
ZR ; then in the Triangle ' ZC will be 
given the Angle Z ' C, the Angle C ( wholb 
Meafure is the Arch D Z) and confe- 
guently the Angle Z ' C the Parallax, and 
alfo the Side Z C the Semidiameter of 
the Earth < by which we may find C 
' the Diftance of Man from the 
Earth. ' The extreme Nicety required 
in this Obfervation, makes it very difficult 

C 3 tQ 
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lediiterniine Ae <i»£t Vift^nCfi tif tbn 
CtjUKtB from the Suit i but the Mlebrats<J 
Pr. Ifalliy has, in the Philcfofhipal Trapf- 
f/£t\oait fliewe4 us A mote, ceitain Method 
for .finding the Diftances of the .Planets i 
ivbifh is .by obfcrving the Tranfii of Venus 

^vflrthe Sun. 

Bow the -The Eye judgeth of the.Magnwades offer 

tJdffjf ^''**'" Oljeas, according 10 the Q)i»Dtitie8 

thcPijmetJ f*f ^^ Angles under ^hieh they are feea 

are deter- i^h'ch. ate called:their apparent iWagnir 

"'"'''■ JHdes )) aad thefe:Angles Sppear greater w 

lefijn a certain Pro^ttion to theirDiftances, 

-Wtenefore tbeDtftances of the Pknstsfrom 

thft ^a(th,. and .their apparent Piaiixieta 

being given, their trueDiameters (and from 

tlftnfie their Magnitudes) may ha Saund. 

iW the Diftaocesof the Planew mty b« 

frnad haabeeh already Ibevm,) tti«)( appa* 

rft)t.Diana(lteT8. are found by a Xelufcopei 

haying a Machine- &c'd to h for ineafuring 

f^. i. Anglea> called a Mjcmineter. l^et £ D, or 

^ Angle 8 A D, he the apparent Qiametct 

•f «»y Platfct, and ABi or AD, (whisb by 

ireafon of the great E>iftaDce9 vlthe'PlaiWK 

.jn reipet^ of tbtir M9gnitudes)may becoft- 

-fidnrod as beisg the; Diflance of the faid 

Flaqetfrom the ObfefVef : N«w! it. thfe Trti 

Sngl«,A B D.thaving the Sides A B, A D, 

igiveoi; aod the. Angle A, we lKiYb.a]&) the 

.ofher. Angles B andD. (becat)fe:the Sides 

:A B, A D, arciqual) whence th« Side B D 

:-..■. .,; < tho 
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the Diameter of the Planet may be eafily 
found by Trigonometry. 

From lience it appiiars, that the fame Bo- 
dy if difierefit DitUncesj wiUfeem to have 
vefydiffisrent Magnitudef I Thiu the Dia- 
meter B D will appear ffomi the Point E, 
to be twice as large as from the Point A. 
It ilfo follows, that a fmall Body, wlicn 
at no great Diftance from \x%, may appear 
to be equal, or even to exceed another at » 
gre^t Diftance, tho' iitimenfely bigger. 
Thus b d appears und^ the fame Angle, 
and confequently of the fame Bignefs from 
the Point A. that the Line B D doth, tho' 
one vaftly exceeds the other. And this is So^*w. 
the Reafon, why the Moon, which is much pean big. 
lefs than any of the Planets, appears to us 8*='' t^" 
vaftly bigger than either of them, and even rmmi. 
to equal the Sun himfelf, which is many 
thoufand Times greater in Magnitude. 

The EMftances of the Planets, and Pe- 
riods round the Suit, their Diameters and 
Velocities round their own Axis, according 
to modern CoOipHtdtions, are as follow : 



C4 Saturn 
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Diftance in 


Y. D. H. 


Mites. . 


Smam ■> 


.S's't 2g:iby:2z 


777.00Q.000 


Jupiltr 


il u:3l4:'2 
|« .:32.:23 
g-s "^ 0:365: 6 


424.000.000 


Mar, 


123.000.000 


Earlt 


81.000.000 


Fam 


■I -3 o:2a4.:j6 


59.060.000 


Mmmy) &SJ o: 87:23 


, 32.000..000 


,, iRoundihelo.ttM. 


^""j Earth. 117:7:43 ^♦°^°°° 




Periods round 


Diameters 




their own Axis 


in Miles. 




D. H. M. 




Sun 


25 : 6 : 


763.000 


Saturn 




61.000 


. Jupiter 


: 9 : 56 


8 1. coo 


Mars 


I : : 40 


4.440 


Earth 


: 23 : 56 


7.970 


• Venui 


24 : 8 : 


7.900 . 


- . Mercury 




4.240 


.Moon 




27:- 7 : 43 


2.170 



The Caufe of Eclipfes and P&afes of 
the Moon, and fome other Phasnomena not 
here explained, Ihall be fliewed when we 
come to give a Defcription of the Orrery. 

Belides the Planets already mentioned, 
there are other great Bodies thatibmetimcs 
vifit our Syftem, which are a Sort of Tem- 
porary Planets ; , for they come and abide 
with 
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^«tb us fiM «while, apd aftetwaf ds wicb- ' 
draw from ue, for a certain. Space erf Tinie*^ 
after which they agaifl returp.' Thefe wan- ,; 
dering Bodies are called Comets. . 

The Motion of Comets in the Heaveds,;*^^*^'*^ 
according to tb.e heft Obfervations hitherto : 
made> feem to be regulated by the r»ne . 
immutable Law that rules the Planets ; forr 
their Orbits are Elliptical, like thofe of the 
Planets, but vaftly narrower, or more Ex-; 
centric. Yet they have not all the fame, 
Dire^on with the Planets, who move from 

I Weft to Eaft, for fomc of the Comets 
move from Eaft to W^ j and their Orbits- 
have different Inclinations to "fhe Eatrth'-frx 
Orbit J feme inclining Northwardly, otfaer&: 

) Southwardly, much more than any of the. 
Planetary Orbits do. 

;' Ahho' both the ConiQts-flnd the V\m^A. 
move in Elliptic Orbits, yet their Motions r _ 
fcem to be vaftly different : For the ExCen-: 
triddes of the Planets Orl^ts are fo fmt^I* 
that they dif^r but lititle from Circles ; 
but th« Excentricities of th^ Comets are 
io verygreftE, that the Motjonsof fome of 
them feem to be almoft in right Lines, 
tending diredly towards the Sun, 

Now, fince the Orbits of the Comets are. 
&> extremely Excentric, their Motions,' 
when they are in their PeribeUa, orneareft 
I>iffance itoax the Sun, muft be much fwif- 
ter than when they are in th^ir A^elia^ or 
ikrthclft PiftflQco fromhipQi which is the 
.... Reafoij- 
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Reafbnwhy the Comets initk« ib ihort ft 
Stay in dur Syflem ; and when ^cy ctif- 
appear are To long in returning: 

The Figures of the CbmetE an obfervod. 
to be very dijfenint ; foiAe of tbem fend 
forth fmall Beams like Haif evtry Way 
round ttiem ; others are feen with a ]ong< 
fiery Tail, which is always oppofite to the 
Son. Their Magnitudes are alfo very dif- 
ferent, but in what Proportion they exceed 
each other, is as yet uncertain. Nor is it 
probaWe, that their Numbers are yet 
known, for they have not been obferved 
with du8 Care, nor their Theories difco- 
vered, but of late Years. The Ancients were 
divided in their Opintdns concerning them i 
feme itnagined that they wei*conly a Kind 
of Meteors kindled in our Atrtiofphcre, and ■ 
w«rtt there again diffipited -, others took 
them to be Come ominous^ Prodigies : Bra 
modern DifcoiSe^iis prove, that tbey hm 
Worlds fubjeft to the fame Laws of Mo-*- 
tion as the PMet6 dn; ^ and they mufl bs 
veiyhard and-; durable Botfie^i «lfe-thdy- 
cbutd not bear th^^v£i1tBt)^f whlch^bfn*- 
of i^m, when' they are in- i\\vk<FeribiUd'y 
receive from^the'^un, witHottt being utterly' 
cottftlfflOd. TTibgreat GdtfKf>*i6h ap- 
pear'd in the Vfeat^ l68o, Was Whbin f Part' 
of the Sun's^ fiiamcter frOhl bis Surftce \ 
andtherefdteits heat.rtftuft (japrodlgioudy^ 
iftteJrie beyond Idfeginatii&Ti.' And wheft' 
itisatifs gr<^aiiefl'&ifta6cr-ftftm «b« Sufrji 
the GoW rouft be as rigid. SECT. 
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Of.tbefixu D StarsV'J' 

',,.:... ■■■Jr.- ,■ : ■ r,f 

'T^HE fixed Star's are" thde bright and' 

ippea: 
thebt 
term'i 
keept 
anoth( 
thcM 
fixed 
Diftar 
fcopea 
withoi 
It is 
are Ii 
own 
could 
Forth 
fho'tl; 
throuj 
ther ir 
A!th 
Sun is 
Diam< 
when I 
of the 

of Su>r>< 
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of the Earth's Annual Orbit, appears from 
the neareft jixed Starno bigger than a Point, 
and the fixed Stars areat leafl 100,000 times 
^ther from a{ than we are from the Sun ; 
as may be demonllrated from the Obferva- 
tion of thofe who have endeavoured to find 
the Parallax of the Earth's Annual Orb, or 
tjje Angle under which the Earth's Orbit 
appears from the fixed Stars. . 
AitoAp- Hence it follows, thattho' we approach 
Sc'eHS "^^''^^ *° ^°^^ fi^?'^ Stars at one Time of 
maybe the Year .than we, do at the oppt^te, and 
"^""^ that by the whole Length of the Diameter 
ScCwre of the Earth's Orbit i yet this Diftance be- 
ef the ing fo fmall in comparifon with the Dif- 
Rwie&>. j^^j.(. pf the fixed Stars, their Magnitndes 
or Pofitions cannot thereby be fenfibly al- 
tered; therefore we may always. Without 
Error, fuppdfe ourfelvcs to be in the fame 
, Center of the Heavens, fincc we always 
' ■ ■ " ' v^fible Profped of the Stars 
Iteration. 

)r.was placed as near to any. 

re are to the Sun, he would 

, Body as big, and every way 

. appears to us : and our Sun 

■fhc fixed . . '<> ^'"^ nobigger than a fixed 

Stars are S undoubtedly he would reckon the 

''''"*■ S s of them in numbering the Stars.. 

\ -e fince the Sun differ^th nothing 

fi ccd Star, the fixed Stars may be; 

r fo many Suns. 
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ItiSDOt rfdfcmable to ^I^fe tibtf olltfae 
fixed Stars firq pl&ce4 at tiiQ Ame Diftaacfo 
from usj. bi|t itifrouve prt^ble tfaa(.tb^ S« «? 
are every where intecfperfed.thro* the vafl u nft 
indefinite Space of the Universe i *n^that^J*»" 
there may be as gre^ a Diilance betwuft «^. 
any two'of thein> as there, is betwixt our 
Sun and the neareft tijcJ^d Ster. Honceit 
foUovPS} why theyappejac: toiusof dificreht. 
Magnitiidcss, pot bec^fe -they really are^.&i 
but because: they are atr^0tr.cnt Diftances 
fronxuss thofe that trflnweft«fcceJIing 
in Brightnefs and Luftro thoft ihat ^c , : 
moft remote, who give a:fauiier I^^t, 
and app«^ ibiall^r tp the Eye. ■.-■ 

The Aftrppomers diftribtjte the Starsinto TJ» i>*f- 
feveral Orders orCU^fc thoftthat acencarv ^™ 
-eft»3vK(a|id ^P«tr hti^htfi^ tQtbeEye,are Stin ists 
called $tar5,of the firft Magnitude j thofe * *^'**'- 
th&t ar^neareft to tbfJminBf^htqe^ and 
Lt)ftre,fare.c^kd StatBoftbe fecond Mqgm}- 
tudejthdif^.ofvthe third Clafs* are ftiledStar* 
of the thN Miigiiitude; and ib on, uiuU We 
come to the Stars of .the fmh Mi^tntud^. 
-whidi arc the fmalleiit that efiuhc difcertwd 
by the t>a1icd Ey?. Th^re are inijnice Nuixe 
bersoffmaller Stars,tbat$ffp be ften through 
Telefcopes; but thcfe are npt reduced to ai^ 
of the fix'Orders, and are only called 7e- ^^.y. 
le/fopical.SiArs. It nsay-.l^ here obferyed.'s/^.,. - 
that tho'^he Allronomers have reduced 41 ^ 

the Star; ttiat are vifible to the naked Ey«> 
into fqme one or other of thcfe Clafles, yet 
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wtiiUe IMC R>citndi)d«irAmtln;bi«tli<(all 

iiwSbrsinrn<er«)ti£tlytafDBi« orotherof 

''.• dwfcOrdetsj butither«i«a)r1>ein R««lity 

y- '■ Nuiiftttt, ftw of tyun a[tpe<riag a(a<Uy of 

. , Ihe-'ftnie BigtiWs and Laftre. 

■:.Th8 ancient -^ftrondittsrs, ' thM they 

Ibigtai'SiltinguiQi'CtM' Stars, inreg^dto their 

Sitailion and Pofition to each oth^r^divided 

the:' whole Aarry FirmameHt intti'feveral 

jf/brifm, brayOtonit of Stars; corififting of 

Ihtiiexhatare nfefrto bni another.- Thefe 

3i^5" >^»;^i »« eaHied {fenyJAiiifti, aiid at* 

into Con. dlgii(fcd UHti the Fcirtns offonie Aiiimalt^ 

adiuiou as Men, Lions, '^Bears, Setpertlt.-^c. or 10 

' .' ^' cbelmKges of fome known Things ^ a^ of 

tfOfbwn, a Harp, a Triangle, ^c. 

o . . . : The Stiirry Pirmamcnt was idi»ided bjr 

"' ' ' the Aucients' into -48 Images or GohfteUa^ 

tions) melve-ofwhich thef jdaMdin rhat 

ftw of theHewe^wwihcreln arethePlanes 

of Che : Planetary Orbits j Tthich^Pan it 

z^o. ^n^ ,!,„ ZniiM, beoafe miA of fho Cotv- 

AeUtitions placed therein refenible Tome 

toing Creature. Thetwo Regidtisof «ht 

Hi>a«eiM that are on each Side of the ZWi- 

UETi'are- called' the North and Sonth Parts 

'Of' the Heavens. 

coiDtili- the ConfteUatians vitfain the ZttUac 

•io""™'- a»;'*'vfn«, the Abw-j i.taarus, the 

22 °":iBW, 3. Grmlm, the Tmnst ^. Qmcet; 

■ the- Crii > 5. if», the Lim ; 6, Virgfi.'the 
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firglit; j.LiiiM,A»JMmti9.Sai^ 
the ScmpM tif. Si^Utmm; tin Aehir i 
to. CaftimiBii, the Godt i i\. Ajuarm, 
th< Wmtn-Setrcr ; mi, \t, Fijtai-i^ 
Pijbes. - r . , ■ r.'.h 

The Ctmftdlalioiis oii ,fhr, North; SWc £2^. 
of the i^Mf are .Twen^one, ^ <*JtnioB,. 
the LittkBrar-t the {rrvir/ Bf<ir:}:thfl 
Dragon ^ Cefitm, * King :Of Ethiopia i 
Bcotit, tbrKeeper of theiSwr ; the Mr? 
tbim Crviitti Hanula. .with his Chib 
watcbing the Oragon j the Btrp y. Ae . 
Swan t CaJ^Bptia ; Ptr^ « . :An^onvi4fl\i 
die Iriang^.;- Auriga,-^ Pegfifust or' the 
J<)^'iij: ^te^i :£^ii/flUj tlw Dulftiads 
the iirrM* i «^e £^ilr j Sirfealariiu i aa4 
flie S;;y<7ir. ' ..o ; v ;,; 

The ConfieU««iontnotedl»)rjhe:A»ei«Btt s<»*«n> 
onthe Sorith Side of tti*:2«*«, we« flfr g;,™'^ 
fseo, vf£i the ^f't j thc-River E^danmt 
(he i2i»-f ; Orion ; the (^<i^. £>i;gf j Z.i(A^ 
ZV;; the Ship -^^t ; i^Jrmt the Cntfowii 
the Clip i the O«o i ihe*Si{fi the ^w.5 
<hc Sautlitm Crswn ; and the, Svu/Knt i^ 
To thele bHK.bttn UteljtsiddicdihefiiUMr; 
ii^, vix. The \Pbcimx -, x'ki:Crane -, ithe 
Pe«ofi i -the iwA'tfn j the Bird of Paror 
Sft ; the Smilitrn Triangle t the f;^ ; Gif 
JaeilMi l^c FipngFiJb i Toucan, or th« 
.^erifarf Gaojii the Water -Serppit, .tai 
.Ac. Sawrf fli*. The Ancient! placed thoft 
{MrticilhtiCRplltllitioMorEigiues in ibt 
Heavens, 
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Ife$Ntens,eithert6o6mfneMbrat&die Deed» 
of feme great Man, or of Tome notable Bx- 
ptoit or Afiidn } or elfe took th«n irom the 
fUblcG of their Rdigion,&c. AndtheMoU 
, dern Aftronomers do ftill retain them, tt> 
avoid the Conrbfion that would arife-by 
iflakingnewbnes, when they compare tfio 
modern Obfcrvatfcns with the old onfcs. ' 
■ Some of the principal Stars have parti- 
ealar NimesgiVen them, as S^ids, Ar&u- 
rifs,&c. There ' are alfo fevcral - Surs that 
ard not reduced into Cdnftcflations, and 
$(w!"" thefe are called Unformed Stars. 

'• Bttfides the ^i^ vilible to the naked EV« 
there is a very remarkable . Space in the 
The e«- Heavens, called (he Galaxy, or Milky Way\ 
^^V' This is a broad Circle of a whitifli Huci 
Wa^. \ ''- like Milk, gcitig quite roiind' the whole 
iJeaV^en^,and conlnting of an infinite Nnfli^ 
her of fmalt -Stars, viiible thro' a Telsfcope^ 
»W not difcernible by the naked Eye, by 
resfcM of' their ' exceeding Faintnefs ; yet 
with their Light they combine to illuftrate 
t^t>:Part of the Heavens where they are> 
awd to caufe that fhining Whitened.. 
: 'The Places of the fixed Stars, or their 
relative Situations one from another, have 
been carefully obforvcd by Ailronbmo's-, 
«hd digefted into Catalogues. The firft a- 
inong the Greeks, who reduced the Stai« 
4(itoaCatalpgue, vras Hy0>arcus, w^o, from 
hit own Obf^^vatibns^ and K>f thbfe whp 
...J. lived 
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Hved before him, inferted 1022' Stats into 
his Catalogue^ about 120 Years before the 
Chriftian Mra -: This Catalogue has beea 
fmce enlarged and . improved by feveral 
learned Men, to the Number of 3000, of 
which there are a great many Telcfcopical* 
and not to be difcerjied by the naked Eye } 
and thefe are ^1 ranked in the Catalogue . 
as Stars of the feventh Magnitude. 

It may feem ftf ange to feme, that there ate 
no more than this Number laf ■ Stars viiible 
to the naked Eye j- for fometimes in a dear 
Night they fecm to be innumerable t but 
this is cfaXy a Deception of our Sight, arifing 
from their vehement sparkling,' while we 
look upon them' confufedly, without re- 
dscing. them into any Order ; for there cail 
iotdom be feen above loOo Stars in the 
-whole Heavens with the naked Eye at the 
4anw Time j and if we fhould diftindly 
viewthem, we fhall not find manyhut what 
Are iiiferted upon a good Cekfiial Globe. 
' Altho* the Number of Stars that can be 
'difcerned by the naked Eye aie fo few,, yet 
it is probable there are itaany more whidh" 
are beyond the Reach of our Opticks, for 
thro' Telefcopes th^ appear in vaft Multi'- 
tudes, every wheredifpencd throaghout the 
whole Heavens j and the better our GlaiTcB 
are, the more of them we itiU di£:over. The 
ingenious Dr. Hook has (Aferved 78 Stars 
in the Pleiadeti of which the naked Eye is 
D 
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nevo' able to difcern above 7 ; and in 0- 
r/o«, which has but So Stars in the Britijb 
Catalogue, (and fome of them Telefcopical) 
there has been numbered 2000 Stars, 
^ideaof Thofe who think that all thcfc glorious 
verfe. Bodies Were created for no other Purpofe^ 
than to give us a little dim Light> muA entci;- 
tain a very flender Idea of the Divine Wif- 
dom } for we receive mote Light from the 
Moon itfdf, .than fcom all the Stars put 
tt^ether,; , And firice the JFViJwfr ere- fub- 
]t&. to the^&nie Laws of Modoo with our 
Earth, and ibme of them not only equals 
but va^ly exceed it in Magnitude, it is not 
unreafonabie -to fuppofei that they aw ^1 . 
habitable Worlds. Asd. fince. the Fixfd 
Stars 2XQ nd ways b^iindour ^ifu, either 
m Bigne&.or. UiAee» !& H.Jiot px^^M^ 
thateach of them have 4 5yftcm of Plater 
tary W&lds.t\xm\iag round .lh«m, as we: do 
Hound our Sun ? And ,if 'W« flfcend a^^fer 
as thefmalleft Stac.we-can fee, fhall \»fe opt 
than di&over innumer^bk.more of tbefo 
glorious Bodies, which now are alcog«th^ 
invifible to jjs ? And fo ad ir^ituiHi thro' 
the bouhdl^s Space oftheiUjiivcrfe, What 
a magnificent Idea muft this raife in gs of 
the Divme Being } Who. is every whsro, 
and at all Time* prbftniv difplaying his Di- 
vinePower, WifdomiaodCoodnefs aipongft 
.sli his Creatures ! 

The 
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rbe DESCRIPTION fl»rf . 

USE tif the Celestial and 

TeRRBSTRIAL OtOBES. 

; Gl<^ or ^hgn Is a round folid ^^ « 
■ Body, having every Part of its 
Sui^cp equally diiUnt. fi'om a 
Point withiry ft, called hs Center ; 
and it niay be conceived to be formed by 
the K-eVohitbn of a Semicircle round its 
Diameter; ■ . ' 

Any Circle pading diroogh the Canter, 
of the Sphere, thwhy <iividing into .two 
eqiirf'Parts- or Segifttfnts, is a^ed a. Gnaf GrmOr- 
Ctrcki arid the Segm^tsof the Sphere fo*** 
divided arc called MMijjfebfrw, jj^_ 

Every Great Circle has ks Poles and Axis.>&<r«r. 
The Poks of a Great Circle arc v«o PaUi. 
Points on the Surface <A the Sphere diame-. 
trically dppofite to one another, and every 
where eqaally diftant iiromthefiiid Circle. -^'^ 

'The i&ff of a' Circle is a right Line 
paffing through the Center of the Sphere, 
and t^ugh the Poles of the iafd Circle, 
and is therefore perpendicular to the Plane: 
Therefore 

Da All 



UigniaOb, Google 



36 ^e Defiription and Vfe 

All Circles paffing through the Poles of 

any great Circle, in^erfe^ it in two Places 

diametrically oppofite, and alfo at righr 

Angles ; and with refpedt to the faid Great 

s,tw^a- Circle, thcymay bo calM its Secundaries, 

All Circles dividing tlie Sphere into two 
ParaVtl unequftVParts, 'aVc "tilled /^^ or parallel 
Grdn. Carcies, and are ufually-denominated b^that 
Great Circle to which they are parallel. 

The Earth being gtobiilar, i^ outward 
Parts, as .the Scvcru Gofnitriesi Stat; C^c. 
are beft; and mod naturally reprefehtccf up- 
on the Sorfices of ft Globe. ; and wjien fucli 
a Body has ^e 0Dtwar4 Parts of the Earth, 
and^ Sea ^delineated. upon its Surface, and 
TtrrfSnai P^^ccd in their natural Order and Situation, 
GUit. itist^\edzT(rrefiriai Ghde. %' 

<■ The Celeftial. Bodies appear to us as if 
th^ were ail placed. in tne fapae .Concave 
■ %)herc, therefore iiAftronomerSf place the 
Stars according to. t^if> refpedive Sitoatioiis 
and Mi^nitudes, and il£) the Jn:iages of the 
^Condcilations, upon thi external Sur&ce of 
a Globe^ for it anjfwers the fame Purpofes 
as if they wck j^aced wichin a Concave 
SpheK, -if' we fuppafc' th^. Globe. to be 
tranfparent, and'tlwEyt placec^ioih^Cen- 
tqr. -.-^ Globe havifig the Stars- pl^^d.upon 
its' Sni^ce, as above d^fcribed, , is , called , a 
ai^iui ceiejliiib Giobt. Thefc. Globes afic' both 
placed in Frames, with other Appurtenances, 
as ihall be defcribed in a proper Place. 

The 
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Magnitude, any Point opon llie Earth's 
Surface, let her be in what Part foevcr of 
the Orbit, may be confidered as being the 
Center of the Univcrfe. Upon thefc Prin- 
ciples, the different Phasnomcna arifing 
from the diurnal Motion of the Earth, and 
the different Situation of a SpefVatcr upon 
its Surface, are very naturally illuftrated 
and explained by the Globes. 

As to the Alterations of Scafons, (Sc, 
arifing from the annual Motion of the Earth 
round the S;jn, it is indifferent which we 
fuppofe to' move, the Earth, or the Sun j 
for in both Cafes the Effeifl will be the fame : 
Wherefore becaufc it is the Sun that appears 
to us to move, we fay the Sun is in fuch a 
Part of the Ecliptic, without attributing 
any Motion to the Earth, any more than 
if fhc had aftually been at Reft., For the 
fame Reafon we fay the Sun rifes, or the 
Sun fets J by which we mean, that he begins 
to appear or difappear, without confidcring 
in the Icaft how thefc EfFefts are produced. 
Thcfe Things are here mentioned, to obviate 
the Objcftions that might be made by Be- 
ginners, after they had been told that the 
Sun ftands ftill. 



SECT. 
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SECT. I. 

j^n Explanation of the Circles of the 
Sphere^ and of fame Afirmomical 
Terms arifing tberefrdm. 

IN Order to determine the relative Si- 
tuations of Places upon the Earth, as 
well as the Politions of the fixed Stars. 
and other Celeftial Fhaenomena, the Globe 
of the Earth is fuppofed to be inviron'd by 
feveral imaginary Circles, and thefe are 
called the CircUi ef the Sphere. Thefe 
imaginary Circles are either fixed, and al- The Gr. 
ways obtain the fame Pofuion in the Hea- ^s'^t. 
ven^ or moveable, according to the Pofi- 
tioo of the Obferver. 

Thofe Circles that are fixed, owe their 
Origin to the two-fold Motion of the Earth, 
and are the Equator^ the Ecliptic, with 
their Stcundaria and Parallels. Thefe fixed 
Circles are uflially dehneated upon the Sur- 
face of the Globes. 

The moveable Circles are only the Ho- 

rizetiy its Secundaries and Parallels : Thefe 

are reprefented by the Wooden Frame, and 

the Brafs Ring, wherein the Globe is hung, 

D 4 and 
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and a thin Plate of Brafs to be fcrcwed in 
a proper Place upon thefaid Ring, as Occa- 

£on requires. 

I. Of the E^uitjpaial. 

I. The Equator or the' EquinoSial, la 

Thef?™- that Great Circle in the Heavens, in whofe 

'*"-°ow' Plane the Earth performs her diurnal Mo- 

tion round her Axis ; or it is that Oreat 

Circle, parallel to which the whole Heavens 

* feem to turn round the Earth from Eail to 

Weft in 24 Hours. 

Note, The Equ;itor and the Equinoftial 
are generally fynonymous Terms; but fome- 
times the Equator partic'ularly lignifies that 
Great Circle upon the Surface of the'Earth, 
which coincides with the Equinoctial in the 
Heavens. This Circle is alfo by Mariners 
commonly called the Line. 

TheEquinoftial divides the Globe of the 

Earth, and alfo the whole Heavens into two 

JV«rtiw« equal Parts, North and South, which are 

^h'£ ca"ed the Northern and Southern Hemt- 

jphtm. fpberes. The Axis of this Circle is called 

The Axis iht^Jxis of the World, or the Earth's Axis^ 

'wJii "''ccaufe the Earth revolves about it (from 

Weft to Eaft) in 24 Hours. The Extremes 

V^u'^ of this Axis are called the Foki of the 

o/^tbiEl World, whereof that which lies, in the 

fjwKr. Northern Hemifpherc, is called the North 

Pole, and the other is called the South Pole, 

The 
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The Equinodial Circle is alwa)r3 deline- , 
ated upon the Surface of each Globe, with, 
its Name a^t length exprelTed ; the Axis of 
this Circle or the Earth's Axis, is only an 
imaginary Line in the Heavens, but on the 
Globes it is exprefied by the Wires about 
which they really turn. The Poles of the 
World are the two Points upon the Surface 
of the Globe through which thefc Wires 
pafs ; the North Pole is that which hath the. 
little Brafs Circle, with a moveable Index 
placed around it ; and the other opposite to 
it is the South Pole. The Northern Hemi- 
fphere is that wherein the North Pole is 

f laced, and the oppofite one is the Southera 
lemifphere. 

The Aftronomers divide all Circles into 
360 equal Parts, called Degrees^ each De- 
gree into 60 equal Parts, called MtmtteSt 
each Minute into 60 Seconds^ ficc. But be- 
fides this Divifion into Degrees, the Equi* 
noftial is alfo divided into 24 equal Parts 
or HeurSj each Hour into 60 Mittutes, 
each Minute into 60 Seconds^ &c. fo that 
one Hour is equal to 15 Degrees, each Mi- 
nute of Time is equal to 15 Minutes of a 
Degree, t3c, 

2. All Circles conceived to pafs through 
the Poles of the World, interfedin? the 
Equinoctial at right Angles, are with re- t^atCir- 
foedl to any Point in the Heavens called ti*' rfJ- 
Umr Q'rckSi and alfo Circks of Jp^on^j^'^^ 

be- Mtri£«u. 
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hccvaCc the Afcenfion of the heavenly Bo- 
' dies, from a certain Point, are by them de- 
termined. 

Tliefc Circles are alfo, with regard to 
Places upon Earth, call'd Meridiam. 

the Meridians are commonly drawn up- 
on the Tefrefirial Globe thro' every 15 De- 
grees of the Equinodlial, thereby making an 
Hour dif^rence betwixt the E^aces through 
which they pafs. On the Celeftial Globe 
there are commonly drawn but two of thefc 
Meridians, crofling the Equinoctial in four 
Points equidiftant from one another, there- 
by dividing it into four Quadrants ; but. 
the intermediate ones are here fupplied, 
ind alfo upon the Tcrreftrial Globe, by the 
Brafs Circle on which they are hung, which 
mjr^ is therefore called the Brafs Meridian^ and 
^' fometimes only the Meridian^ it ferving for 
this Purpofe to all the Points upon either 
Globe. 

' There is alfo a little Brafs Circle fixed op- 
en this Meridian, dlvic^ed into 24 Hours, 
having an Index moveable round the Axis 
of the Globe to be turned to any particular 
Hour. The Ufe of this Circle is to flww 
the Difference of Time betwixt any two 
The Hoar Meridians, and is therefore called the Htmr- 
CinU. Circle. 

3. All Circles parallel to the Equinoftiat 
arc with refpeift to any Point . in the Hea- 
""dw/L. ^"^"^ *^*"^^ Parallels of Declination. So 
«/' ""' that, 

,4. The 
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4. Thi Declination of dry Point in the 
Heavens (as of the Sun, a Jixed Star, or the 
like) is an Arch of the Meridian pafling 
through that Point, and intercepted betwixt 
it and the Equator j and if the laid Point be 

Of the Parallels of Declination, four *" *'*'*' 
are eminently diltinguifhed by particular 
Names, viz. The two Tropicsi and the two ^*^tt 
Polar Grcks, "^ fj^ 

The Tropics are on different Sides of 
the Equator, each 23 Degrees and 29 Mi- 
nutes diftant from it, that which lies in the 
Northern Hemirphere, it called the Tropic '^•■fr*/ 
of Cancer j and the Southern one, the 3ro- ^^c^w. 
fie of Capricorn. tan. 

Thefe Circles are the Limits of the Sun's 
greatefl: Declination, and are called Tro- 
pics, becaufe whenever the Sun arrives to 
them, he feems to return back again to- 
wards the Equator. 

6. The P^ar Circles are each of them 
at the &mc Diflance h-om the Poles of the 
World, that the Tropics are from the 
Equator, viz, 23" 29'. That which lies near j^g.^ 
the North Pole, is called the Arctic Circle^ CrtU. 
from jirStoi, a ConAelliUion fituated in the 
Heavens near that Place ; whence alfo this 
Pole.'. 
The 
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The other PolarCircle, which is fitu^ted 

AniafSe ncar the South Pole, is called the AntarQic 

Circle^ becaufc its Pofition is contrary to 

the other ; and the South Pole is fomettmes 

^^»Bk ciWed the Mtar^ic PoU. 

The Tropics and the Polar Circles have 
each their Names expreffed upon the Globes. 

11. Of the Ecliptic. 

SeUftk. 7. The Ecliptic is that great Circle in 
whofc Plane the Earth performs its annual 
Motion round the Sun } or, in which the 
Sun feems to move round the Earth once in 
a Year. This Circle makes an Angle with 
the Equinoctial of 23 Degrees, 29 Miniates, 
and intericCts it in two oppofite Points^ 
ipim- which are called the EquinoSiiai Points ; and 
n^p^wu. the two Points in the Ecliptic that are at the 
greateftDiftancefromthcEquinofUal Points, 
Selfii/iat ZTC Called the Solftitial Points. The two 
Pmii. Meridians paffing through thofe Points 
diva, arc, by Way of Eminence, called Colures ; 
whereof that which paffcth thro* the Equi- 
Efdtnc' no&iat Points is called the Equim^ial Co- 
tialCdwrt ^g. and that which is at Right Angles to 
it, paffing through the SoIAitial Points, is 
Stl/Uti^ . caXlcd the SelfiitlaiCoiurf. 
I^'g The Ediptic is divided into 12 equal 

diptic Parts, cilled Signs, each Sign being 30 De- 
divided grces, beginning from one of theEquinodlial 
^^«^ Points, and numbered from Weft to Eaft 1 

the 
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rhe Names and Charadlers of. the 1 2 Signs 

are as follows : viz. 

, jirin, Teuiui, Gimmi, Cancel-, Ite, Virge. 

. i.r a. 8 3.U 4.eB s-ft 6. nR 
Uhra, Scarfi; Sapltariat, Cafrictrnui, Jjnariui, Pifcti, 
^. Ci 8.111 9- * 'O- W "•- "-K 

The firft fix of thefe arc called the North- ^^ 
ern Signs, and poflefs that half of the 
Ecliptic which is to the Northward of the 
Equator j beginning with the firft Point of 
•r, and ending with the laft Point of "W. 
• The latter fix are calPd the Soutiera^^' 
Signs, btfcaafc they poflefs the Southern Half 
of the Ecliptic, beginning at the firft Point 
of *, and ending with the' laft Point of x. 

The Divifion of the Ecliptic into Signs, 
and the Names of the Colours, are particu- 
cularly exprefted upon the Globes. 

The Signs of the Ecliptic took their 
Names fibm 12 Cohftellations mentioned 
in thte Ihtrodu£tion to be fituated in die 
Heavens nfear- thofc Places. It is to be 6b^ 
fervcd, that the Signs are not to be con- 
founded with the Conftellations of the fame 
Name : ' For the Sign of Aries is not the 
fame with thc'ConJel/atioa Aries j the lat- 
ter is a Syftem of Stars digefted into the 
Figure of a Ram -, but the Sign of ./^es is 
Boiy 30 Degrees of the Ecliptic counted 
from the Equinodial Point t*, (whidh is 
.reckon'd the firft Point in the Ecliptic) to 
the Beginning of Taurus : Or, it is fome- 
times taken for all that Space upon the Ce- 
Icftial 
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leAial Globe contained between the two 
Circles paffing through the firli Points of 
f and u . What haa been here laid of Aries, 
is to be noted of all the refl c^ the Signs. 

TheConftellations above-mentioned wen* 
formerly fituated wlttiin the Signs which 
now bear their Names ; but by a flow Mo- 
(ion of the Eqtunoftial Points, being one 
Degree in 72 Years, the ConAellation .Aries 
has now got into the Sign ti , and fo of the 
reft. So that Pifces is now got into the 
Sign of •'' ; this flow Motion in the Hea- 
vens is calied the ProceJJion of the Equinoxes. 

By this Motion we {hall have the Sea- 
foQS of the Year f^ at qoite oppoHte Times, 
viz, the Summer Solftice in }b£j:ember^ and 
the Winter in Jvae. 
VtUttftU The- Poles ^ the Ediptic are both 6tu"- 
Et^fiu. jitedjn the Solftittal Colore, at sjDegrces, 
29 Minutes Diilanf:e from cho Pole of the 
jY9iJd ; and they uke thev peppmipation 
fjcQc^the Ilemi:^here wherein they ftte plac'd, 

*,l...h« which li«« .he{^„^^} He- 
mifptee, is railed the-i^^^^y Pole ol 

>he Ecliptic The AxAic and AntvAii; 
Circles are defcribo) by the ^(^es of the 
iEc)iptic in the Oiginal Motion of the 
£ar^ 7ound its A7i«» whence it feems theie 
two CiKlea aic called Po/(/r. 

.^. ^U great Circles paiTing through the 

Polei of the Ei:liptici and confcquently 

■ 3 in- 
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interfeding It at right Angles, are called ^^f*' *f 
Circles of Longitude: So that, i^iUmA. 

9. The Longitude of any Point in the Uu^tmit 
Heavens, (as a Star or Planet, ^c.) is an "f^hPtit 
Arch of the Ecliptic contained between ^^ ^*' 
the Circle of Longitude pa0ing thro' that 
Point, and the Equinodlial Pointi''. And 

that Degree of any Sign which lies under 
the Circle of Longitude, palHng thro' any 
Star or Planet, is called the Place of that ''^« q^ « 
Star or Planet. . ■ [ *'*"■ 

'Note^ The Sun never goes out of the 
Ecliptic, and it is not ufual to fay the Sun's 
Longitude, but we commonly ocprefs it the 
Sun'i PhcCy which is that Sign, Degree, Mi- 
nute, ( &c. of the Ecliptic, which he at any 
. Time pafles. 

10. All Circles conceived . to be drawn 
paralle] to the Ecliptic^ are called Parallels of 
Latitude : Sq that, . ' ; - , 

II.; The Latitude of any Point in the t«';ft«Av' 
Heavens, fas a Fi: '" ^" ' * " *«^*^ 
of the Circle "of L( 
that Point, and ii 
t^ie Ecliptic} or, 
tance from the E 
Point be to the l^oi 
is called North Lai 
Southward, it is cd 

Upon the Terr 
QrcKS of Longi 

upon the Celeflial^ they ar<! commonly 
drawn 
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drawn thro' the Beginning of every Sign ; 
but they are all fupplied upon both Globes, 
by faftening a thin Plate of Brafs over one 
of the Poles of the Ecliptic, and fo as to be" 
moved to any Degree thereof at Pleafure. 
The Parallels of Latitude are alfo fupplied 
by the Graduations upon the faid Plate, as 
JDiall be (hewn in a proper Place. 

We have now done with all thofe Circles 
that are fixed, and fach as are drawn upon 
the Globes themfelves ; we next proceed to 
the moveable Circles. 

III. Of the Horizon. 

t2. The Horizon is that great Circle 
which divides the upper or vifible Hem!* 
fphere of the World, from the lower or 
invifible : This' Circle is diflingulflied ihto 
two S(3Tts,iht Sen^i/e, and the Rational. 
$tnfihi* . '■■ The Sen^Uy or Apparent Horizon^ viihiX 
HtrtKet. Circle which limits or determinates our 
Prolpeft, wh^er we are at Land or Sea, 
reaching as fax as we can fee j or it is that 
Circle where the Sky and the Earth, of 
Water feem to meet. When W£ are oh 
Terra Fir/na, this Circle commonly feenrs 
rugged and irregular, occafioned by the Un- 
evennefs of the Ground terminating our 
ProfpieS ; but at Sea there are no fuch Irre- 
gularities i the Secprdiameter of this Circle 
varieth according to the Height of the Eye ' 
of 
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of the Obfcrver j if a Man of fix Feet high 
Aood upon a large Plain, or the furface of the 
Sea,he could notfee above three Miles round. 
This Circle determines the Kifing and 
Setting of the Heavenly Bodies^ and diftin- 
guiflies Day and Night* 



parallel to the feniible Horizon, beitig di- 
{lantfrom it by the Earth's Semidiameter, 
which is about 3980 Miles : This Difhince 
is nothing iii Coniparifon of. the immcnfe 
Di(bnce of the Sun and the fixed Stars, 
therefore Aftronomers make no Diftinftion 
between thcfe two Circles, but confider the 
apparent Horizon, or that wherein the Sun 
appears to rife and fet, as paiTing thro' the 
Center of the Earth. 

This Circle is divided by Aftronomers 
into four Quadrants, and each of the Qua- 
drants into 90 Degrees, &c. The four Points 
quartering this Circle are called the CJar*//'- _ ^^^ 
nal Pointi, and are termed the £(^, ^^, p««,^ 
North and Souih. The Eaft is that Point fhtBcri* 
of the Horizon where the Sun rifes When ""' 
he is in the Equtho£lial, or on that Day 
when he afcends above the Horizon exactly 
at fix o'clock ; and the H'eji is that Point 
of the Horizon which is diredly oppofitc 
to the Eafi;, or where the Sun fets when he 
is in the Equinoiftial. The South is 90 De- 
grees, diftant from the Eaft and Weft, and 
£ is 
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is towards that Part of the Heavens wherein 
the SuD always appears to us in Great Bri- 
tain at Noon j and the North is that Part 
of the Heavens which is direftly oppofite 
to the South : Or the North and £outh 
Points of the Heavens may be .found by 
turning yourfelf either directly towards the 
■ Eaft or the Weft: If you look towards the 

Hand, and the <f ^^^^ } *° *^^ ^^^^* 
pointi 0/ Befides the aforementioned Diviiion of 
ihtCm- the. Horizon into Degrees, JWtfrwfrj divide 
?"/'• it into 3 2 equal Parts, which they call the 
Points of the Compafi j to each of which 
Points they gave a particular Name, com- 
pounded of the four Cardinals, according to 
what Quarter of the Compafs is intended. 

The Center of the Horizon is the Place 

of Obfervation, and the Poles of it arc, one 

Ztmth. exactly over cur Heads, called the Zenith \ 

and the other exai^ly under our Feet, called 

li«Ar. the Nadir. 

13. All Circles conceived to pafs thro' 

Virtual t^^ Zenith and Nadir, are called Vertical 

Cireltt. Circles^ or Azimuths. Of thefe Circles, 

that which pafTes thro' the North and South 

iatri£m. ^o'nts of the Horizon, is called the Meri- 

dian ; fo that when any Objeft is upon 

the Meridian, it then bears either due South 

Atumuth. or due North from U6 j and the Azimuth of 

any 
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any ObjeS is an Arch of the Horizon inter- 
cepted between the Vertical Circle paffing 
through it, and either the North or South 
Part of the Meridian j which Part is com- 
monly specified; 

The Meridian pafles thro' the Poles of thb 
World, as well as through the Zenith and 
Nadir, and therefore is a Secondary both o^ 
the Equinodlial and the Horizon : This Cir- 
cle divides the Globe into the Eajiern and 
Wepern Hemifpheres, and the Poles of it ard 
the Eaji and IVeJi Points of the Horizon. All 
the heavenly Objects are, during one Hal^ . 
of their Continuance above the Horizon, in 
the Eaftern Hemifphere, and for the othef 
Half in the Wcftcrn ; fo that whenever thd 
Sun arrives upon the upper Part of the Me- 
ridian, it is then Noon or Mid-day, which 
is the Reafon why this Circle is called thd 
Meridian ; and when he comes to the lower 
Part, it is then Midnight. 

The Vertical Circle paffing thro* the Eaft 
and Weft Points of the Hori:ion, is called 
the Prime Vertical, at Circk of Eaft and J;;^'''*^ 
fV^efti fo that when any Objeft is upon this 
Circle in the Eaftern Hemifphere^ it appears 
due Eaft j and if it be in the Weftern He- 
mifphere, it appears due Weft. 

That Degree in the Horizon wherein any 

Objetft fifes or fets from the Eaft or Weft 

Points, is called the Amplitude ; which for ' 

Riftog is called Altitude Ortivet and 

E 2 Oe- 
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Occajme for fctting j which muft be alio 
denominated whether it be Northerly or 
Southerly. 

It may be obferv'cl, that the Amplitude 
and Azimuth are much the fame ; the Am- 
plitude fljewing tlie Bearing of any Objeft 
when he rifes or fets, from the Eaft or Weft 
Points of the Horizon; and the Azimuth 
the Bearing of any Objeit when it is above 
the Horizon, either from the North or 
South Points thereof. As for Example, if 
anObjeftrifcsor fcts within lo- Degrees of 
the Eaft or Weft, fuppofe towards the Souths 
we accordingly fay, its Amplitude is i o De- 
grees Southerly j but if an Objedl, that is 
of any Height above the Horizon, ihould 
be in the Vertical Circle, pafljng thro' the 
before-mentioned Point, we then fay, its 
Azimuth is 80 Degrees from the South, or 
100 Degrees from the North, both which 
Exprcmons fignify the fame. 

14. All Circles drawn parallel to the Ho- 
rizon, in the upper Hemifphere, are called, 
jlmacan- ■ Almacantbers, or Parallels of Altitude : 
'jl^'iuJt ^° '^** *^^ Altitude of any Point in the 
Heavens is an Arch of the Vertical Circle 
pacing thro' that Point, and intercepted be- 
twixt it and the Horizon j and if the Objcfl 
be upon the Meridian, it is commonly called 
Mtri£an thc Meridian Altitude. The Complement 
^titudi. Qf j|jg Altitude, or what it wants of 90 De- 
Zeitith grees, is called thc Zenith Difiance. 
•"'••'■■ ^ The 
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The Horizon (by which we mean the 
Rational) is rcprefented by the upper Sur- 
fece of the Wooden Frame, wherein the 
Globes are placed j upon this Horizon are 
defcribed feveral Concentrick Circles, the 
Innermoft of which is divided into Degrees, 
which ought to be nunibercd both Ways 
from the Eaft and the Weft, until they end at 
90 Degrees in the North and South Points. 
The Ufe of thefe Divifions is to fhew the 
Amplitudes of the Sun and Stars, at thetr 
Rifing and Setting : Alfo in fome conve- 
nient Place upon this Horizon, there is 
commonly noted the Points of the Com- 
pafs. Without the before-mentioned Circle 
there is drawn the Ecliptic, with its Di- 
vifions, into Signs and Degrees, and a Circle 
of Months and Days : The Ufe of thefe 
two Circles i6 to ierve as a Kalendar to ' 
fliew the Sun's Piace at any Time of the 
Tear, and by that Means to find his Place 
in the Ecliptic drawn upon the Globe it- 

fdf. 

The Vertcal Circles, and the Parallel 
of Altitude, are fupplied by a thin Plate 
of Brafs, having a Nut and Screw at one 
End to faften it to the Brafs Meridian in 
the Zenith Point j which being done, 
the lower End of it may be put be- 
tween the Globe itfelf and the inner 
Edge of the ^Horizon, and fo turned round 
about to any Point required. The fiducial 
E 3 Edge 
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Edge thereof reprefepting the yertk<il Gr-w 
cles, and the Degrees upon k, defcribing 
^A-am the Parallels of Altitude. This thip Plate 
J^"'- is called the ^adrant of Altitude, 

The Center of the Horizon being the 
place of Obfervation, it is evident that 
this Circle, and all the others belonging to 
it, are continually changed, which Way Co- 
cvcr we move j wherefore we may fuppofc 
the Horizon, with its Secundaries and Par 
rallels, to inveft the Globe like a Rete or 
Net J and to be moveable every Way roun4 
it. This is very naturally illuftrated by the 
Globes J if we move dircftly North or dU- 
reftly South, the Change made in the Hori- 
zon h rcprefentcd by moving the Brafs 
Meridian (fceeping the Globe from turning 
pbout its Axis) in the Notches made ia 
the Wooden Horizon, juft fo much as 
we travelled. Jf our Couffe ibould be du« 
^aA or duisWeftjthe AUerationsmade thec«<' 
by are reprefented by turning the Globe ac- 
cordingly about its A^is, the Brafs Meridifu^ 
being kept ^xed ; ^nd if we Acer betwixt 
the Meridian and the £afl or Weft Points, 
then we are to turn the Brafs Meridian, and 
^Ifo the Globe, about its Axis accor(Jipglyj 
the Surp of which is, let the Speflator pg 
in what Point foevcr of the Earth's Sup- 
facc, he'll there gravitate or tend ejcaftly' 
^owartjs its Center, and Imagine himfelf to t^ 
pn the hijgheft part thetcgf, (tj»p Vn^ven- 
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nefs of the Ground no^beieg here confif 
dered i wherefore if we turn the Gk>be la 
fuch a Manoer as to briog the feveral pro-* 
greffive Steps of a Traveller fucceflivcly ta 
the Zenitfai we fhall then have the ruccef- 
£ve Alterations made in. the Horixon, ia 
evcr^ Part of his- Journey, This Explication 
being well confidered, will be of; Hqlp t» 
Beginners, to conceive how the Earth is- 
everywhere habitable, and how P^flei^gera -- -1 
can "travel quite round it j for finCe every 
Thingjtendab3ward«theCienter oftbeEftrth> 
we are to conceive that Point as being the 
loweft, aud not to carry our Idea xA. dowii-{ 
wards any farther ; Thofe that are di^me* 
trically oppolite to us being as much upoil 
^e upipei: Part of the Earth as we aire, there 
being nofoch Thing; in ^tuie as one Place 
being higher than .another, but a^it is at 4 
greater Piftance frtwuthc Center cf'thc 
Earth, )^ it be in what Country foever. 
. We have now done wkh all the Cii£lea 
of tbj9 S|iihere, and tt may be obfesrcid, ^e 
the £jiwna^fW, the Bc/^ic, and the H0- 
rizon, with thefr Secundaries and ParalLsIs^ 
qre all alikei -and altering their Pofltion, 
may' be- made to ferve for one anic}ther. 
Thus, if «he Poies of .the World be-hxought ' 

into the '^nitb wd -Ngdir^ the Eqid' 
ttoSial will coincide with the Horizott^ tho 
Meridiam will be the fame with the Verti- 
e^l Circles, and the Parallels of Declination 
E 4 will 
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will be the l^irallels'of Altitude. After thv 
feme Manner, it Ihifting the Pofition wo 
ht'm^ ' ths Ecliptic to cximc\de with tho 
Horizon^ the Circles of Longitude will be 
the Ftrtical CirclfSy and the Parallels of 
Latitude and Altitude will coincide. 

The Horizon and the Equator may be 
either parallel, perpendicular, or oblique to 
each other. 
r^raBd . 15. A ParalUl Sphere is that Pofition 
Sfitrt. vhere the Equator <:bincidcfi with the Ho- 
riaoni and conlequently the Poles of the 
World are in the Zenith and Nadir : The 
Inhabitants of this Sphere (if there be any) 
are thofe who live under the Pole$ of the 

World. 

f^^ if>.:h Right or Bire& Sphere is that 

^*' Pofition where the Equator is perpendicu- 
lar to the Horizon,the Inhabitants whereof 
are thofe-who live under the Equinodial. 
ohlijM 17. AnObltque Sphere is when the Equi- 

^J"*^'- noaialaBd the Horiswn make oblique An*- 
glefr with each other; which every where 
haf^tfns hut under the Equator and the 
Poles; ; 
jHurnal The Ai%h of any Parallel or Declination, 
M Nee- which ftaitds above 'the Horizon, is called 
^rfh, thcDfi.rnal Arch j and the remaining Part 
of it,' which is below the Horizon, is called 
the NoHurnal Atch, 

Th« 
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That Pdint of the Equinoaial which 
comes tothc-^ Weftern ^ P*"***^ *^^ ^°~ 
zon, with any Point of the Heavens, is called 

*° {oSfion} "f *" ''°'°'' """""* 
from the Beginning of v ; and if it be in a 
right Sphere, the Afcenfion or Defccnfion 
is called Right ; but if it be in an oblique 
Sphere, it is called an oblique Afcenfion or - 
Deicenfion. So th^, 

i». The Right Afcenjkn of the 5»», «^ 
Mxn, or any Star^ ficc. is an Arch of the ■^'9** 
Equator contained betwixt the Beginning 
of V, and that Point of the EquinoAial 
which rifes with them In a "Right Sphere^ 
or which comes to the Meridian with them 
is an oblique Sphere. 

19. Obitque Afcenfion, or Hefcenfim, is ^JV* 
an Arch of the £quino<flial intercepted be- ^f^^' 
tween the Beginning of t, and that P^int 

of the Equator which rifes or fets with any 
Point in the Heavens in an oblique Sphere. 

20. Afcenjional Difierence, is the Diffe- Afitnfitmal 
rence betwixt the right and oblique Afcen- "'I*'"^'-' 
fion or Defcenfion, and fliews how long the 

Sun rifes or fets before or after the Hour of 
Six. 

IV. OJtbe Divi^of Ttm. 
The Parts that Time is diftinguifhed into 
we Dayt^ Hours, ff^eeis. Months^ and Tears. 
A V^y is either Natural or Artificial. 

ANa- 
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Nafral A Notural Day is the Spftce of Time 
^/^'; ^^'^P^^'* while the Stuj goes from any Mcri- 
' dian or Horary Circle, till he arrives to the 
^une again j or, k is the Time contain'd front 
Noon, or any particular Hour, to the next 
Noon, or the fame Hour again : An Artificiai 
D^ is the Time betwixt theSun'sRifingand 
Setting ; tja which is oppofed the Night, that 
]#, the Time the Sun ishtd under the Horizoi>. 
&m Sk "^^ Natural Day is divided into 24 
' Hoursy each Hour into 60 Minnies, cacii 
Minute into 60 Seconds, &c. The Artifi- 
cial Days are always unequal to all the In- 
habitants that ave not under the Equator. 
qxcept when the Sun is in the Kquinod:iat 
Points 'v^and a, which happens (accofdingttt 
pur Way of rq<5Hoping) about the 21ft of. 
March and 23d of September j at thofe 
Times the Sun rifes, at iix and Ats at lix, to 
all the Inhabitants of the Earth. Thefe Days. 
ttMouxH. arecalledthe£fu;noJf», or£fi«m^/WZ}4ju i 
the tirft of which, or when tho Sun is 'm. 
ftrmdioA ^^ fi^ft Point of ^W«, is called the Vtrml 
Motfmud Equimxy and the latter is called the Autum- 
fgiagsx. j^^ Equiaox. In all Places w^rtre the Sob do* 
fcends below the Hprizon, excepting und^' 
the Equator, the Days ctmtinually lengthen 
orfliorten.and that fafteror flower, according 
as theSuni&nparer to or further from theEqui- 
noiStiql, until.h* arrives to oiither of the iibl- 
fitiai Points a» or »*. At thofe- Times tho- 
Sun fcQtns to ft^d ftiH for a fe,w .l^ys. snd 
then 
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then he begins to return with a flow Mo- 
tion towards the EquinotHial, ftill bafl:ening 
bis Pace as he comes nearer to it : The Sun 
enters the Tropicks of o and tf , about the 
gift of June, and the 22d of December, Stifiien. 
which Days are fometimes called the 5c/- ,J^^^^ 
ftices } the firft of which we call the Summer Seipe^ 
Solfiue, and the latter the Winter Solftice. 

All Nations do not begin their Day, and '^^* ^''* 
reckon their Hours alike. In Great- Britainy ginning of 
prance snd Spain^ and in moil Places in Ac Day, 
Europe, the Day is reckoned to begin at 
Midnight, from whence is counted 12 Hours 
till Noon, then twelve Hours more till next 
Midnight, which makes a compleat Day; yet 
the Jftronomers (in tbefe Countries) com- 
monly begin their Day at Noon, and fo rec- 
kon 24 Hours till next Noon, and not twice 
tw^Ive^ accordingto thevulgar Computation, 

The Babykniam began their Day at Sun- s^hmfit 
rifing, and reckoned 24 Hours till he rofc '*«'»■ 
agaiol This Wayof Computation wecaUthe 
Babylonijh Hours, In fevcral Parts of Ger- 
many they count their Hours from Sun-fet- 
ting, calling the firft Hour after the Sun has 
fet, .the firft Hour, &c. till he fets the next 
Day, which they call the 24th Hour : Thefe 
ve commonly called the Italian Hours, haiitm 
According to both thefe Ways of Computa- ^'^■^ 
tion, their Hours are commonly either a. 
little greater or lefa than the 4-^ Part of a na- 
F^iral pay, 14 Proportion as the Sun rifes or 



UigniaOb, Google 



6o ^e Dtfcription and Vfe 

fets fooncr or later in the fucceeding Days. 
They have alfo this Inconvenience, that 
their Mid-day and Midnight happen on 
different Hours, according to the Scafons of 
the Year. 

The Jews and the Romans formerly di- 

« . vided the artificial Days and Nights each 

into 12 equal Paits; thefe are termed the 

7«ws* JenviP) Hours, and are of diiFerent Lengths 
according to the Seafons of the Year ; a ' 
'Jewijh Hour in Summer being longer than 
one in Winter, and a Night- Hour ihorter. 
This Method of Computatbn is now in 
Ufe among the Twrij, and the Hours are 
Ailed the jirft Hour, fecond Hour, 8cc. of 
the Day or Night j fo that Mid-day always 
fells upon the fixth Hour of the Day. Thefe 

P/auiwy Hours are alfo called Planetary Hours, be- 

StMri. caufe in every Hour one of the fcven Planets 
were fuppofed to prefide over the World, 
and fo take it by Turns. The firft Hour af- 
ter Sun-rifing on Sunday was allotted to the 
Sun ; the next to Venus ; the third to Met- 
eury ; and the reft in Order to the Moon, Sa- 
turn, Jupiter, and Mars. By this Means 
on the firft Hour of the next Day the Moon 
prcfided, and fo gave the Name to that Day j 
and fo feven Days by this Method had- 
Names given them from the Planets that 
were fuppofed to govern on the firft Hour. 

A iTeti. A ffeei is a Syftem of fcven Days, in 

which each Day is diftmguilhed by a difv 

. . ferent 
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fcreot Name. In moft Coantries tbefe 
Days are called after the Names of the &- 
veo Planets, as above noted. AU Nations 
that have any Notion of Religion, lay apart 
one Day in fcvcn for public Worftitp j the 
Day folemniz'd by Cbriftiam is Sunaay, or 
the firft Day of the Week, being that on 
which our Saviour rofe from the Grave, on 
which the Apoftles afterwards ufcd more 
particularly to aHemble together to perform 
Divine Worfhip. The Jews obferved 5tf- 
turday, <x the fevcnth Day of the V/eekj for 
their Sabbath, or Day of Reft, being that 
appointed in the fourth Commandment 
under the Law. The Taris perform their 
Religious Ceremonies on Friday, 

A Mon/i' is properly a certain Space of a //»»*.■ 
Time meafured by the Moon in its Courfe 
round the Earth. A Lunar Month is eitho: 
Periodical or Symdical. A Periodical P^'^'i 
Month is that Space of Time the Moon ||^2" 
takes to perform ber Courfe from one Point Mnth§. 
of the Ecliptic till ihe arrives to the fame 
again, which is 27 Days and fome odd 
Hours } and a Synodical Month is the Time 
betwixt one New Moon, and the next New 
Moon« which Is commonly about 294- Days. 
But a Civil Month is different from thefe, 
and confifts of a certain Number of Days, 
fewer or more, according to the Laws and 
Cuftoms of the Country wherein they are 
obferved. 

The 
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The complcateft Period of Time is A 
Tear, m which all the Variety of Seafons 
return, and afterwards begin a-new. A 
Tear is either Aftronomical or Cm/. Art 
^r'^ml ^fifofiomical Tea^ is either a Sydereal.vrhcre- 
Tnfirai. iti the £un departing from a fixed Star, re- 
turns to it again ; or Tropical, which is 
the Space of Time the Sun takes to perform 
his Courfe from any Point of the Ecliptic 
I till he returns to it again. 

A Tropical Year confifts of 365 Days, 
5 Hours and 49 Minutes ; this is the Time 
in which all the Seafons compleatly return, 
which is a fmall Matter lefs than a Sydereal 
Year. 

The Ci'cil Tear is the fame with the To- 
litical eftablifhed by the Laws of a Coun- 
try, and is either moveable or immoveable^ 
The moveable Year confifts of 365 Dajrs, 
being lefs than the Tropical Year by almoft 
^Bt^— 6x Hours, and is called the Egyptian Teart 
K*'. becaufe obferved in that Country. 

The Romans divided the Year into 13 
Kalendar Months, to which they gave par- 
ticular Names, and are ftill retain'd by moft 
of the European Nationa, •oiz. January, 
Ffiruary, March, April, May, "June, Julyt 
Augujt^ September, OShber, November^ and 
December. The Number of Days in each 
Month may be known by the following 
Verfes : 

• 2 ff&>^ 
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iTm-iy D^i hath September, 
April, June, arj<i November j 
February bath Twenty-eight alwty 
And all the reft have 12>irty-vne. 

The Year is alfo divided into four Quw- 
ters or Scafons, viz. the Spring, SufTitner, 
Autumn^ and Winter. Thefe Quarters are 
properly made when the Sun enters into the 
Equinodial and Solftitial Points of the - 
EcHptic; but in Civil Ufes they are diffe- 
rently reckoo'd according to the Cuftoms 
of feveral Countries. In England we com- 
monly reckon the firft Day of January to be 
the firft in the Year, which is therefore vul- 
garly called NeiV'Tear'i-Day ; but in Po- 
litical and Ecclefiaftical Af^s, the Year 
is reckoned to commence on La^'Day^ 
which is the 25th of March j and from 
thence to Midfummer-Day, which is the 
24th of June, is reckon'd the firft Quarter j 
from Midfitmmer-Day to Michaelmas- 
Day, which is the 29th of Septemher, is 
the iecond Quarter ; the third Quarter 
is reckon'd from Mtcbaelmas-Day to 
Chriftmas-D/^, which is the 25th of De- 
cember ; and from Cbrifimai-Ifay to La- 
dy-Day, is reckon'd the laft C^iarter in 
the Year. In common Af^rs, a Quar- 
ter is reckon'd from a certain Day to the 
fame in the fourth Month following. 
Sometimes a Month is reckon'd four 
Weeks. 
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Weeks* or 28 Days, and (b a Quaftef 
12 Weeks. To all the Inhabiunts in the 

{s^theTn }Hemirpherc, their Midfumfner 

is properly when the Sun is in the Tropic 

of-fSfZ^''* \ and their Mtthfin/er at 
XJUa^xcerftyJ 

the oppofite Time of the Year ; but thole 

who live under the Equinoi^ial have twt> 

Winters, &c. when the Sun is in either 

Tropic i tho' indeed properly, there is no 

Seafon that may be callea Winter in thofe 

Parts of the World. 

The Egyptian Year of 365 Days being 

lefs than the true Solar Year by almoft fix 

Hours, it follows,, that four fuch Years are 

lefs than four Solar Years by a whole Day ; 

ani therefore in 365 Times four Years, that 

is, in 14^0 Years, the Beginnbg of the 

Years move through all the Seafons. To 

remedy this Inconveniency, Julius Cafar 

(confidering that the lix Hours, which re* 

main at the End of every Year, will in 4 

Years make a Natural Day) ordered that 

every fourth Year (houU have an intercalary 

Day, which therefore conlifts of 366 Days 1 

the Day added was put in the Month of 

February^ by poftponing St. Mattbias't 

Day, which in common Years falU on the 

24th, to the 25th of the faid Month, all the 

fixed Feafts in the Year from theocefbrwards 

filling aWeek-day later than otherwife they 

would. iVc- 



■ UigniaOb, Google 



Se&. I. ^ th Globes. 65 

According to the Roman Way of reckon- Biffexnit. 
iflg, the 24th of February was the fixth of riJ^^ 
the Kalends of March, and it was ordered 
that for this Year there ffiould be two flxths, 
or that the lixth of the Kalends of March 
ihould be twice repeated ; upon which Ac- 
count the Year was called BiffexitUj which 
we now cati the Leap-Tear'. 
■ To find whether the Year of our Lord be 
Leap- Year, or the firft, fecond, or third af- 
ter J divide it by four, and the Remainder, 
if there be any, ihews how many Years' it M 
aftet Leap- Year ; but if there be no Remaoi^ 
der, then that Year is Leap- Year : Or, yOd 
j»ay omit fh*e Hundreds dild- Scores, aild (fi- 
ride the Refidue by 4, Escdm'p. 1757, Oftiit* 
ing the Jfundreds and the Twentys, f divide 
rile Refiduc 17 by 4, and the Rcmaindcf t 
^wa it to be the Firft aftef Leap- Year. '■■ 

This Method of reckoning-lhe Year, wsr". 
nwfeing the common Year tc^confift dl 56 J 
Days, and every fourth Ycat to have j66 
Ifeys, is now ufcd in Great-Britain and 
If eland, and fome of theKorthern Parts of 
Europe, and is called the JuUan Account, or >/»«r Ac- 
*e Old Style. But theTim* appointed'by J^q)/' 
Juliui Cafar for the Length of a; Solar stjU. 
Tear is too much j for the Sun finifties his 
Courfc in the Ecliptic in 365 D^s, 5 Hours 
and 49 Minutes, which is 1 1 Minutes left 
than the Civil Year ; and therefore he again 
begins his Circuit 11 Minutes before the 
F CivU 
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Civil Year is ended -, and fo much being 
gained every Year, amounts in 1 3 1 Years, 
to a whole Day. So that if the Sun in any 
Year entered the Equinox upon the 20th pf 
Jl^r<r£atNoon,aftertheSpaceof 131 Years, 
he'll enter the fame Point on the fame Hour 
of the 19th oi March. And therefore the 
Equinoxes will not always fall on the fame 
Day of the Month, but by Degrees will 
move towards the Beginning of the Year. 

At the Time of the Council of Nice^ 
(when the Terms were fettled for obferv- 
ing of Eafter) the Vernal Equinox fell up- 
on the 2ifi of March ; but by its fuling 
backwards 1 1 Minutes every Year, it was 
found that in .^^vio 1582, when the Kalea- 
dar was correOed, the Sun entered die Equi- 
noctial Circle on the I ith of March, having 
departed ten whole Days from its former 
Place in the Year; and therefore Pope Gre^ 
gory theXIIIth, deiigning to place the Equi- 
noxes in their former Situation with reipeCt 
to the Year, took thefe ten Days out of the 
Kalendar, and ordered thdt the eleventh of 
March Oiould be reckoned as the Twenhr- 
firft : And to prevent the Scafons of me 
Year from going backwards for the future, 
he ordered that every hundredth Year, which 
In the "Julian Form was to be a Bifjextile^ 
fhouldbe a common Year, and coniiftonly 
of 365 Days } but that being too much, 
every fourth Hundred was to remain Biffex- 
tile. This Form of reckoning being efta- 
3 bliihed 
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blifhed by the Authority of Pope G«- <'"«»"'■ 
gory XIII. is called the Gregorian Account^ s^St/lt. 
or the New Style j and is obferv'd in all 
the Countries where the Authority of the 
Pope is acknowledged, and Ukewife by feve- 
ral Nations of the reform'd Religion, There 
being now above a hundred Years paA;, lince 
this Reformation was made in the Kalendar, 
the Gregorian Account has accordingly got 
before the Julian one Day more than it 
was in the Time of its Inftitution, the Dif- 
ference between thefe two Accounts being 
now eleven Days -, fo that the firft Day of 
any Month, according toour Way of reckon- 
ing, is the 1 2th of the fame Month accord- 
ing to the New Style. 

I {hall conclude this Se3ion with a brief 
Account of the Atmofphere. ; 

The Atmofphere is that thin Body of Air -*«•- 
which furrounds the Earth, in which the**^*' 
Clouds hovcr,and bv which in their Defcent 
they arc broke into Drops of Rain ; which 
fometimes according to the Warmth or 
Coldncfs of Air, are froze into Unew, or 
Mailjlones. Tbwder and Lightti ng are 
alfo made in the Atmofphere, and Wind 
is nothing elfe but a Percuflion of the Air» 
occafioned by its different Denfity in different 
Places. The Benefits we receive from the 
Atmofphere are innumerable j without Air 
no earthly Creature could live, as is plainly 
proved by Experiments made by the Jir- 
F 2 Pumpi 
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Pumpi and the Wholefotnenefs of a Cli- 
mate chiefly depends upon that of its Air : 
If there was no Atmofphere to reflcft the 
Rays of the Sun, no Part of the Heavens 
would be lupid and bright, but tl^at where- 
in the Sun was placed ; and if % Spciftator 
Oiould turn his Back towards the Sun, hq 
would immediately perceive it to he quite 
dark, and the leaft Stars would be feeu (hon- 
ing as they do in the cleareft Night j and 
the Sun immediately before his letting 
would Ihine as brilk as at Noon, bu,t in 4 
Moment as foon as he gpt below the Hori-? 
zon, the whole H^oufpherc of the Earth 
would be involved in as great a Darknefs as 
if it were Midnight. 

But by means of the Atmofphere ithap- 
pens, that while the Sun is above the Ho- 
rizon, the whole Face of the Heavens is 
ftrongly illuminated by its Rays, ib as to 
obfcure the faint Light of the Star?, gind ren- 
der them invifible J aod. after Sun-fctting, 
though we receive no dircd Light froia 
him, yet we enjoy its refie<aed Light for 
fome Time : For the Atmofphere being 
higher than we are, is a longer Time he^ive 
it is withdrawn from the Sua (as if a Maa 
was to run up to the Top of a Steeple, he, 
may fee the Sun after it had been fet to 
thofe at the Bottom.) The Rays which the 
Atmofphere receives from theSun.after he is 
withdrawn from our Sight, are by Refrajaioa 
faintly 
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^intly tranfmitted to us; unti! the Sun 
having got about 18 Degrees below the 
Horizon, he no longer enlightens our 
Atmofphere, and then all that Part thereof 
which is over, us becomes <larki After the 
fame Manner in the Morning, when the 
Sun comes within 18 Degrees of our Hori- 
zon, he again begins to enlighten the At- 
mofpherc, and fo more and more by De- 
grees, until he rifes and makes full Day. 

This fmall Illumination of the Atrno- 
fpherc, and State of the Heavens between 
Day and Night is called the Twilight^ or oTc^l^J: 
the Crepujculum. <■«/"«. 

The Duration of Twilight is diiFerent id 
different Climates, and in the fame Place, 
at different Times of the Year. The Be- 
ginning or ending of Twilight being accu- 
rately given, we may from thence eafily find 
the Height of the Atmofphere, which is not 
always the fame. The mean Height of the 
Atttiolphere is computed to be about 40 
Mites ; but it is probable, the Air may ex- 
pend itfelf a great deal further, there Jieing 
properly no other Limits to it, as we can 
conceive, but as it continually decreafes in 
Denfity the farther remote k is from the 
Earth} in a certain Ratio } which at lafl:, as 
to our Conception, muft in a Manner ter- 
minate. 

F 3 SECT. 
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SECT. 11. 

Geographical Definitions. 
Of the Situations of Places upon 
the Earth ; of the different Situ- 
ations of its Inhabitants; of Zones 
and Climates. 

TH E Situations of Places upon the 
Earth arc determined by Uieir La- 
titude and Longitude. 

1. The Latitude of any Place (upon the 
Earth) is its ncareft Diilance, either North 
or South, from the Equator ; and if the 

Place be i„ the/gN-*''™} Hemifphere. 

it is ^cordingly called < c.j,fL \ Latitude i 

and is meafured by an Arch of the Meri- 
dian intercepted betwixt the Zenith of the 
faid Place and the Equator. And all 
Places that He on the fame Side, and at 
the fame Diftance from the Equator, are 
faid to be in the lame Parallel of Lati* 
, tude : the Parallels of Latitude in Geogrc' 

ph 
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pby being the fame with the Parallels of 
Declination in Afirono^. 

From this Definition arife the following 
Corollaries. 

( I ,) That no Place can have above 90 Dc' 
grees of Latitude^ either North or South. 

(2.) Ihje Places that lie under the Equi' 
m^ial (or thro' 'which the Equator pa£es) 
have no Latitude, it being from thence that 
the Calculation of Latitudes is counted ; and 
thofe Places that lie under the Poles have 
the greateji Latitude^ thofe Points being 
at the greateji Hiftance from the E^ua~ 
tor. 

(3.) ^e Latitude of mt^ Place is always 
equal to the Elevation of the Pole in the 
fame Place above the Hjrizon ; and is there- 
fore often expreffed bx the Pole's Height^ or 
EJevation of the Pole j the Reafon of which 
isy hecaufe from the Equator to the Pole 
there is alw^s the Dijiance of 90 Degrees, 
end from the Zenith to the Horizon the 
fame Number of Degrees^ each of thefe in- 
cluding the Dijiance from the Zenith to the 
Pole: That Diftance therefore being taken 
away from both, will leave the Dijiance from 
the Zenith to the Equator^ (v^ch is the 
Latitude) equal to the Dijiance from the Pole 
to the Horizon. 

(4.) The Eievatiott of the Equator in an<t 
Place is ahmys equal to the Complement of 
the latitude of the fame Place. 

* 4 (5-) ^ 



UigniaOb, Google 



J 2 l^e tkfcription and TJfe 

(5.) A Ship failed direaiyJ^J^J'\ 
the E^ator ^^f^.^t'^^^r Latitude, (or 

{^^&"\ the Pole) juji fo much aits 

ber Diflance Jailed. 
DifertHte 2. Difetence ef Latitude is the neareft 
of Lath Diftance 1?etwixt any two Parallels of La- 
""^'' titude, ihewing how far the one is to the 
Northward or Southward of the other, 
, which can never exceed 1 80 Pegreee. And 
when the two Places are in the feme Hemi- 
fphere (or on the feme Side of the Equator) 
the le^r Latitude fubtrafled from the 
greater) and when they are on different 
Sides of the Equator, the two Latitudes 
a4d?d, gives the Difterence of Latitude. 
i^mgUudf. 3. The Longitude of any Place (upon 
the Earth) is an Arch of the Equatw, con- 
tain 'd betwixt the Meridian of the given 
, Plgce, «nd fome fixed or known Meridian j 
or, it is equal to the Angle form'd by the 
two Meridians, which properly can never 
^Ttceed 180 Degrees, tho' fometimes the 
Longitude is counted Eaftcrly. quite round 
Oi? Globe. 

^nce the Meridians are all ipoveahIe» 
and not one that can be fixed in .the. Hea- 
vens, (as the Equinoctial Circle isifi^^d. 
^nj whence, the Latitudes of adl Place* 
are determined to be fia much either North 
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or South) the Longitudts of Places can- 
not fo well be fixed from any other Meri- 
dian, but every Geographer is at his Liberty 
to make which he pleafes hisfirft Meridian, 
from whence to calculate the Longitudes 
of other Places. Hence it is that the Geo- . 
graphers of different Nations reckon their 
Longitudes from different Meridians, com- 
monly chufing the Meridian pafling thro' 
the Metropolis of their own Country for 
their firft : Thus, the Englijb Geographers 
generally make the Meridian of London 
to be their firft, the French that of Parist 
and the Dutch that of Amfterdanij Sec. 
and Mariners generally reckon the Longi- 
tude from the laft known Land they faw. 
This arbitrary Way of reckoning the Longi- 
tude from different Places, makes it necef- 
fary, whenever we cxprefs the Longitude 
of any Place, that the Place from whence 
it is counted be alfo expreffed. 

From the preceding Definitions arife the 
following Corollaries : 

I. If sBody Jhould ftetr MrtBlf North, 
or direBly South, quite round the Globe, he'll 
contimtaily change his Latitude ; and pafi 
thro' the two Poles of the World, without 
deviating the leafl from the Meridian of the 
Place be departed from ; and confequently at 
bis Return mill not differ in his Account of 
Time from the Pei^e reding in the faid 
PJace. 2. if 

3 
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2. If a Bodf JbmU fieer round the Globe*' 
either due Eafi or due Wtft^ be'll^ continu- 
ally change bis Longitude j but will go guite 
round without altering bis Latitude-, and 
if bis Courfe (houldbe due Eafly be' U gain a 
Day compleatly in bis Reckoning, or reckon 
me Day mere than the Inhabitants of the 
Place from whence be deported ; and if 
bis Courfe bad been ff^efl, be would have loft 
me Day, or reckon one lefs. 

The Reafon of which is evident ; for 
admitting our Traveller fteers due Eaft (b 
many Miles in one Day as to make his 
Difference of Longitude equivalent to a 
Quarter of an Hour of Time, it is evident 
that the next £>ay the Sun will rife to him 
a Quarter of an Hour fooner than to the 
Inhabitants of the Place from whence he 
departed ; and fo daily> in Proportion to 
the Rate he travds, which in going quite 
round will make up one natural Day. In 
like Manner, if he fteers due Weft after the 
fame Rate, he'll lengthen each Day a Quar- 
ter of an Hour, and ccmfequently the Sun 
will rife to him fo much later every Day j 
by which Means, in going quite round, he'll 
lofe one Day compleat in his Reckoning. 
From whence it follows, ■ 

3. If two Bodies Jbould fet mt from the 
^fame Place, one peering Eaft, and the ether 

H^efi, and fb continue their Courfes quite 

round, until they arrive at the Place from 

whence 
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•ahence they fit out, they'll differ two VtPf't 
in their Reckoning at the Time of their 
Return. 

\. If a Body Jkouldjieer upon an Oblique 
Courfe (or anywhere betwixt the Meridian 
and the Eafi or Wefi Points) be'U continual^ 
change both Latitude and Longitude, am 
that . more or le/s^ according tothe Courfe be 
fleen \ and if be jhould go quite round the 
Globe, he'll differ in bis jkcoufit of Timet 
as by the fecond Cwol. 

5. The People refiding in the Eaftermofi 
ef ar^ two Places will reckon their Time 
fo much the fooner than tbofe who live in 
the other Place, according to the Difference 
of Longitude betwixt the two Places, alhw' 
tng one Hour Jor every I s Degrees, 8cc. and 
the contrary. 

II. Of Zones and Climates, &c. 

4. Zones are large Trafts of the Sur&ce ^-^r 
of the Earth] dtftinguiflied by the Tropicks rU,Ta^ 
and Polar Circles, being five in Number > 7^"^ 
viz. one Torrid, two Temperate, and two "^ 
Frigid. 

ThcTorrid or Burning Zone is all the 
Space comprehended between the two Tro- 
picks ; the Anttents imagined this TraA cS - 
the Earth to be uninhabitable, becaufe of 
the exceffive Heat, it being fo near the Sun. 
All the Inhabitants of the Torrid Zone 
hive 
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have the San in their Zenith, or eXiiflly 
over their Heads twice in every Year ; ex- 
cepting thofe who live exadly under the 
two Tropics, where the Sun, comes to their 
Zenith only once in a Year. * 

The two Temperate Zones lie on cither 
Side of the Globe, between the Tropics and 
the Polar Circles, 

The two Frigid Zones arc thofe Spaces 
vpon the Globe that are included withiri 
the two Polar Circles. 

The Inhabitants of the Earth are alfo di- 
ftinguiflied by the Diverfity of their Sbadovts. 
jmthi/ci- Thofe who live in the Torrid Zone are 
**^ called Ampbifcians, becapfc their Noon- 
Shadow is caft different Ways, according as 
th? Sun is to the Northward or Southward 
of their Zenith ; but when the Sun is in 
j/ci»iu. their Zenith, they are called Afcians. 

The Inhabitants of the Temperate Zones 

niterofd- are called Heterofciam, becaufe their Noon- 

*«• Shadow is always Mft the fame Way: But 

tbofc who live ondcf the Tropics arc called 

jfiiantHt- Afciam Heterofciam % thofe who live in 

irrqfiiaii. tfac Frigid Zoncs are called Pefijciam^ bc- 

tnfiium. g^ufe fometimes their Shadow is caft round 

about them. 

Thcfe bard Name* are only Gteek Words, 
nnpotting how the Sun cafts the Sbadcnr of 
the fevcral Iitfalbnants of the Earth j whlcb 
would be a too triiting Diftinftion to' be 
made here, was it noc for the fake of com* 
plying with Cuftom. The 



Uigniedb, Google 



Sea.i. Of the Gi,a»E«. 77 

The Inhabitants of the Earth »re alfo 
diftinguilhed iotc? three Sorts, in fcfpeft tp 
their relative Situation to one anqther, «iQ4 
thefe are caUed the PerioKt^ , J/iftetiy, an4 
Antipodes. 

5. The Peria^ci are thoIc v^ho Uvc wnder Pmad. . 
oppofite Poipts of the faoiePajraUel of I*3t 
titude, They have their Sea^fjna of the 
Yev at tlw fame Time, and their Days and 
Nights always.of the fame l^eogth with <jne 
another, but the one's Noon is the other's 
Mi4»igh£ ; and wben the Sun is ia the ^r 
quin^if^ial, he rifeth wkh the ooe when, hf 
fcts with the othej. Thofc who Uve undcf 
the. Poles have UQ Periceci. 

t. The j^ntaci Uve under the feme Me- Mteui. 
r^an,. and in the fame Latitude* but oa dif^ 
fe;:ent. Sides of the Equator 3 their Seafon^ 
of the Year are coptrary» aod the Day& of 
the one are e^uaJL to. tjbe Nights of the othet% 
but the Hpur 9f the Day and Night, is tb« 
fame with both ; and when the Sun is ip 
the Equinodtiair He rifes, and.l^ts tp. both 
exad:ly at the fame Time, Thofe who live 
under the Equator have no Antceci. 

7. The Antipodes are thofe who Hve dia- Amipoi^. 
metrically oppofite to one another, ftanding, 
as it were, exaftiy Feet to Feet: Their Days 
and Nights, Summer and Winter, are at 
dife& contrary Times. 

The Surface of the Earth is byfome di- 
ftinguifhed into Climates. 

8. A 
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8. A Climate is a Tra'dt of the Surface of 
the Earth, included between two fuch Pa- 
rallels of Latitude, that the Length of the 
longeil Day in the one exceeds that in the 
other by ha^ an Hour. 

The whole Surface of the Earth is con- 
fidered, as being divided into 60 Climates, 
viz. from the Equator to each of the Polar 
Circles 24, arifing fi-om the Difference of 
i Hour in the Length of their longeft Days ; 
and from the Polar Circles to the Poles 
themfelves are fix, arifing from the Diffe- 
rence of an entire Month, the Sun being 
feen in the firft of thefe a whole Month 
without fetting ; in tl e fecond, two ; and 
in the third, diree Months, &c. Thefe 
Climates continually decreafe in Breadth* 
the fiirther they are from the Equator. 
How they are framed, viz the Parallel of 
Latitude in which they end (that being 
likewife the Beginning of the next) with 
the refpeftive Breadth of each of .them> is 
(hewed in the following Table : 
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III. Of the Poetical Rifing and Setting of 

the Stars. 

The Ancient Poets make frequent Men- 
tion of the Stars Rifing and Setting, either 

CiAttfa/. OJmica/ty, jicronicalfyy or fmiffcaily j 

£d'Si whence thefe Diftinftions are called Pce- 

taiRi&ig ticai. ' 

»od^. A Star is faid to rifi or Jet Cofmicatty, 
when it rtfes or fcts at Snn-rifing ; and when 

. ; It rifis 01 feti at San-felting, it is faid to 

rife or fet Aeromcatiy.. A Star rifes He~ 
. Bacalfy wheft firft it becomes viftbtc, after 
k had been fo near the Sun asi Do be hid by 
the Splendor of his Rays : And a Star is 
fad to^* HeUaca/fy, when it is firft im- 
merfed, oc hid by the Sun's Rays. 

The Fixed Starj, and the three fuperior 
Planets, Mars, Jupitery and Saturn, rife 
HeUacally in the Morning ; but the Moon 
rifes Heliaca/ly in the Evening, ■ becaufe the 
Sun is fwifter than the fuperior Planets^ 
and ilower than the Moon, 

IV. Of the Surface of the Earth,, eonfidered. 
as it is compofed <fhand and Water. 

The Earth confifts naturally of two 
Parts, Land and Water, and therefore it 
is called the Terraqueous Globe. Each 
of thefe Elements is fubdivided into 
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various Form's and Parts, which according- 
ly oredifttnguidied by difiereat N»hes. 

hOftbeLaad, 

The Land i> dlAinguiflied utto Qmti- 
tunttf yiandit Pemnfuui'St Iflbmus'Sf PrO' 
moateries, Mmttaimi or Coafis, 

9. A Qmtinent \% a large Qaand^ of *i<««W' 
Land, in -which many great Countiics u« 
joined -together, without being feparated 

from each other by ihc Sea : Such are Em- 
re^, j^y Africa^ and the vaft Continent 
(H jimerka i which four are the principal 
Divifions of the Earth. A Contment is 
ftpietitnes called the Jl&m Land. ft^lni 

10. An IJland is a Country, or Portion 9*^' 
of Land, environ'4 round with Water : 
Such are Great-Britain and Jreiaad } Sar^ 
£niet Skifyt fcc. in the Mediterranean 

Sea ; 4^ ^s of ff^gbt^ AngJefiy, Sec. near 
England. Alfo a fmatl Part of ^ry Land, 
in the Midft of a River, is called an Ifland. 
Sometimes a large iiUnd, when compared 
to a leffer, is called the Contiment ; as if 
we compare the Ifie tf Wight to England^ 
the latter may be properly called the Con- 
tinent. 

1 1 . A Peninjula is a Part of Land almoft PninfaU. 
vaywofCA with Wattr» iave one narrow 
Neck adjoining it to the Continent ; or 
which is almoft an Ifland : Such is Den- 

G mark 
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mark jcxning to Germany -, ajfo ^rica is 
properly a large FeoiDfuIajoining to Afia. 

Ifiham. 12. An ^i^mtfj is a narrow Neck of Land 
joining a Peninfula to the Continent } as 
the ijlbmus of Sues^ which joins Ajrica to 
jifia { that of Panama joining North and 
South America, &c. 

Pr»mem- j^^ A Promontory IS a high Part of Land 
ilretching out into the Sea, and is often 
catl'd a Cape, or Headland : Such is the 
Ct^ of Good Hope in the South of Africa ; 
Cape Fimfire on the Weft of Spain j alfo 
the Lizard Point, and the Land's End^ 
arc two Capes or Headlands on the Weft of 

Motmiidm. England. A Mountain is a high Part of 
Land in the Midft of a Country, over-top- 
ping the adjacent Parts, 

Si^^ *" 14. A Coa^ or Store is that Part of Land 
which border^upon the Sea, whether it be 
in lilands or a Continent : And that Fart of 
the Land which is iar diftant from the Sea, 

laJoMd. is called the Jniand Country. Thefe are die 
ufual Piftin^ons of the Land. 

The Water is diftinguiflied into OceanSy 
Seas, Ltakes^ Gulfs, Straits, and Rivers. 

ThtOaoM, 15; The Ocean, or Main Sea, is a vaft 

&*"*" fpreading Collffffion of Water, not divided 
or feparated by Lands running between: 
Such is the Atlantic or Wefiern Ocean, 
^between Europe, and America^ the Paafic 
Ocean, or Seutb-Sea, 6cc. 

3 
. . . Note, 
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Note, Thofe Parts of the Ocean which 
border u|>on the Land, are called by various 
Names, according to thofe of the adjacent 
Countries ; as, the Britijh Sea, the Irijb - 
Sea, the French and Spanijh Sea. 

16. A Lake is a Colleftion of deep Hand- ^l^- 
ing Water, inclofed all round with Land, 

and not having any vifiblc and open Com- 
munication with the Sea: But when this 
Lake is very large, it is commonly called a 
Sea ; as, the Cajpian Sea in jifia. See. 

17. AGuIfis a Part of the Sea almoft -'<?•<'■. 
encompaJTed with Land, or that 'which runs 

up a great Way into the Land ; as, the Gulf 
of Venice, &c. But if it be very large, 'tis 
rather called an Inland Sea ; as, the Baltick 
Sea, the Mediterranean Sea, the Red Sea, 
or the Arabian Gulf, 6cc. And a fmall 
Part of the Sea thus environed with Land 
is ufually called a h/rf. If it be but a very 
fmall Part, or, as it were, a fmall Arm of 
the Sea, that runs but a few Miles between 
the Land, it is called a Creek or H<paen. ^' " 

18. h Strait li a narrow Paflage- lying ^j^^. 
between two Shores, whereby two Seas are 
joined together ; as, the Straits of Dover, 
between the Brittjh Channel and the Ger- 
man Sea ; the Straits of Gibraltar, be- 
tween the Atlantick and the Mediterranean 

Sea. The Mediterranean itfelf is alfi> fome- 
times called the Straits. 

G a Thefe 



UigniaOb, Google 



S4 The Difcription and Vfe 

Tfaefe are all the neceflary Terms com- 
monly ufed in Geography. The Names of 
the feveral Countries, Seas, and all the prin- 
cipal Qivifions of the Earth, the Reader 
will find expreflcd upon the Terreftrial 
Globes. To give a tolerable Account of 
the Produce of each Country, the Genius 
of the People, their political Inflltutions, 
&c. is fwoperly a particular Subjedl ofitfelf, 
and quite foreign to our Defign. We Ihall 
next proceed to the Ufe of the Globes j but 
firft it may not be amifs to take a fhort Re^ 
view of their Appurtenances. 

Thofe Circles of the Sphere that are 
^xeJ^ are (as has been already faid) drawn 
upon the Glomes themfelves y thofe that are 
■moveahle^ are fupplied by the Brafs Meridi- 
an, the Wooden Horizon, and the ^uaJranf 
oj Jihitude. 
Sraf, M' '■ "^^^^ ^**^' o^ '^^ Brazen Meridian, 
tidioM. which i& divided ioto Degrees, reprefents 
the true Meridian j this Side is comnnonljr 
turned towards the £aft, and 'tis ufual to 
place the Globe fo before you, that the 
North beto the Right-hand, and the South 
to the Leit, The Meridian is divided into 
4 Quadrants, each being 90 Degrees, two 
of which are numbered from that Part of 
the Equino<3ial, which is above the Horizon, 
towards each of the Poles ; the other two 
Quadrants are numbered from the Poles 
towards the Equator. The Reafon why two 
Quadrants 
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Quadrants of the Meridian are numbered 
from the Equator, and the other two from 
the Poles, is, bccaufe the former of thefe- 
two ferve to ftiew the Diftance of any Point 
on the Globe from the Equator, and the 
other to elevate the Globe to the Latitude 
of the Place. 

2. The upper Side of the Wooden »'•»<&■ 
Frame, called the fVooden Horizon, re- *"**"■ 
prefents the true Horizon ; the Circles 
drawn upon this Plane have been already 
defcribed } we may obferve, that the iirft 
Point of 'v is the Eaft, and the oppofite 
being the firft Point of ^ is the Weft, the 
Meridian paffing through the North and ' 
South Points. 

3. Thc^adrant of Altitude Ss^^fxMt ^^"" 
Plate of thin Brafs, having a Nut and Screw •/■*''''■*• 
at one End, to be faftened to the Meridian 

of either Globe, as Occafion requires. The 
Edge of this (Quadrant, which has the Gra- 
duaticHis upon it, called the iiductal Edge, 
is that which is always meant whenever we 
make mention of the Quadrant of Altitude. 

4. The Horary or Hour-Circle is divided Hmr-Gr- 
into twice twelve Hours, the two XII's '*• 
coinciding with the Meridian ; the upper- 

moft XII is that at Noortf and the lower- 
moft twards the Horizon is XII at Night, 
The Hours on the Eaft Side of the Meridi- 
an are the Morning Hours, and thofe on the 
Weft Side the Hours after Noon. The Axis 
G 3 of 
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of the Globe carries round the Hand or 
JmUx which points the Hour, and pafles 
through the Center of the Hour- Circle. 

The Things above dcfcribcd are common 
to both Globes ; but there are fome others 
which are peculiar or proper to one Sort 
of Globe. The two Colures, and the Circles 
of Latitude^ from the Ecliptic, belong 
only to the Cek/ii/ii Globes j alfo the Eclip- 
tic itfclf does properly belong only to thii 
Globe, tho' it is always drawn on the Ter- 
reflrial, for the fake of thole that might 
not have the other Globe by them. The 
Equinoctial on the Celeftial Globe is always 
numbered into 360 Degrees, beginning at 
the Equinoftial Point if j but on the Ter- 
reflrial, it is arbitrary where thefe Numbers 
commence, according to the Meridian of 
what Place you intend for your firft j and 
the Degrees may be counted either quite 
round to 360, or both Ways, till they meet 
in the oppoiite Part of the Meridian at 
180, 
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S E C T. III. 

TbeU S E of the Globes. 

P R o B L E M I, To find the Latitude and 
Longitude of any giverf Place upon the 
Globe ; and on toe contrary ^ the Latitude 
and Longitude being given, to find the 
Place. 

1. rTpURN the Globe round its Axis, ■ 

JL till the given Place lies exa<ftly un- 
der the (Eaftern Side of the Brafs) Meri- 
dian, then that Degree upon the Meridian, 
which is dircilly over it, is the Latitude j 
which is accordingly North or South, as it 
lies in the Northern or Southern. Hemi- 
fphere, the Globe remaining in the fame 
Fofition. 

That Degree upon the Equator, which 
is cut by the Brazen Meridian, is the Lon- 
gitude required from the firil Meridian upon 
the Globe. If the Longitude is counted 
both Ways from the firft Meridian upon 
the Globe, then we are to confider, whcuier 
the given Place lies Eafterly or Weftcrly 
from the firft Meridian, and the Longitude 
mijft be exprcffcd accordingly. 

G 4 The 
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The Lii^;/i/</» of the following Places; 
and upon a Globe where the Longitude is 
reckon 'd both Ways from the Meridian of 
Loitdon^ their Longitudes will be found as 
follow : 

Latitude. Longitude. 
Deg. Dcg. 

Rom 41 f North. 13 Eaft. 

Parii 48 4 N. z^'E. 

Mexico ' ■ " 20 N. 102 W, 

Cope Horn — 58 S. 80 W. 

2. "The Latitude and Longitude being given, 
to find the Place. 

Seek for the giren Longitude in the 
Equator, and bring that Point to the Meri- 
dian ; then count from the Equator on tbo 
Meridian the I>cgree of Latitude given, 
towards the Arctic and Antardtic Pole, ac- 
cording as the Latitude is Northerly or 
Southerly, and under that Degree of L^* 
tude lies the Place required. 

, Pro*. li. To find the Difference of Latitude 
betmxt any two given Places. 

Bring each of the Places propofed fuc- 

ceilively to the Meridian, and obferve where 

they interfea it, then the Number of De* 

grees upon the Meridian, contained between 

the. 
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the two Interfeflions will be the Dtffinnci 
of Latitude required. Or, if the Placet 
propofed are on the fame Side of the Equa- 
tor, having firft found their Latitudes, fub-> 
tra£t the lelTer from the greater j but if they 
are on the contrary Sides of the Equator, 
add them both together, andtheDimrencc 
in the firft Cafe, and the Sum in the latter, 
wiH be the Difference (A Latitude required. 
Thus the DifFerence of Latitude betwixt 
London and Rome will be found to be 9 ^ 
Degrees ; betwixt Paris and G^ Bona 
Efperance 83 Degrees. 

Pkob. III. 'to find the Difference of Lm~ 
gitude betwixt anytwogiven Places. 

Bring each of the ^ven Places fuccefiively 
to the Meridian, and fee where the Meridian 
cuts the Equator each Time ; the Number 
of Degrees contained betwixt thofe two 
Points, if it be lefs than 1 80 Degrees, other- 
wife the Remainder to 360 Degrees will 
be the Difference of Longitude required. 
Or, 

Having brought one of the given Places 
to the Meridian, bring the Index of the 
Hour-Circle to 12 o'Clock} then having 
brought the other Place to the Meridian, 
the Number of Hours contained between 
the Place the Index was firff fet at, and the 
Place where it now points, is the Difference 
of 
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of Longitude in Time betwixt the two 
. Places. 

Thus the Difference of Longitude be- 
twixt Rome and Conjiantinople will be found 
to be 19 Degrees, or i Hour and a Quar- 
ter i betwixt Mexico and Pekin in 0)inat 
140 Degrees, or 9 -J- Hours. 

P R o B. IV. jiny Place being given to find 
all thofe Places that are in the fame Lati- 
tude with thefaid Place. 

The Latitude of the given Place being 
marked upon the Meridian, turn the Globe 
round its Axis, and all thofe Places that pafs 
under the fame Mark are in the fame Lati- 
tude with the given Place, and have their 
Days and Nights of equal Lengths. And 
when any Place is brought to the Meridian, 
all the Inhabitants that lie under the upper 
Semicircle of it, have their Noon or Mid- 
day at the fame Point of abfolutc Time ex- 
aaiy. 

P R o B. V. The Day of the Month being 
given ; to find the Sun's Place in the E- 
cUptic, and bis Declination. 

I. To find the Sun's Place : Look for the 

Day of the Month given in the Kalendar of 

Months upon the Horizon, and right againft 

it you'll find that Sign and Degree of the 

Eclip* 
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Ecliptic which the Sun is in. The Sun's 
Place being f^iiu^, founds look for the fame 
in the Eclipti^,Linc which is drawn upoa 
the Globe, and bring that Point to the Me- 
ridian, then that Degree of the Meridian, 
which is direiSly over the Sun's Place, is the 
Declination required ; which is accordingly 
either North or South, as the Sun is in Die 
Northern or Southern Signs. Thus, 

Sun's Place. Declinatim. 

Deg. Min. Deg. Min. 

April 21 83 00 12 32 N. 

July II «, 7 51 18 Bo N. 

Oaoher 26 ta 2 49 12 28 S. 

January 20 5: o 17 20 07 S. 

P R o B. VI. To reBify the Globe for the 
Latitude^ Zenith, and tie; Sun's Place. 

1. For tie Latitude: If the Place be in 
the Northern Hemifphere, raife the Arflic 
Pole above the Horizon j but for the South 
Latitude you mufl raiie the Antarctic i 
then move the Meridian up and down in . 
the Notches, until the Degrees of the La- 
titude counted upon the Nleridian below 
the Pole, cuts the Horizon, and then the 
Globe is adjufted to the Latitude. 

2. To reBify the Globe for tie Zenith: 
Having elevated the Globe according to the 
Latitu^} count the Degrees thereof upon 

the 
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tfie Meridian from tfee Equatw towards the 
elevated Pote, and that PoinWJill be the Ze- 
nith or the Vertex of the Plicfe"; to this Point 
of the Meridian faften the Quadrant of Al- 
titude, fo that the graduated Edge thereof 
may be jmned to the faid Point. 

3. ^ing the Sun's Place in the Ecliptic 
to the Meridian, and then iet the Hour- 
Index to XII at Noon, and tfic Globe wHl be 
reflified to the Sun's Place. 

If jrou have a little Mariner's Compafs, 
the Meridian of the Glbbe may be cafily 
iet to the Meridian of the Place. 

■ Pkob. VII. To find the Dijiance between 
tfffy ftw. given Places upon the Ghb&y 
and to find all thofe Places upon the 
Globe that are at the fame Difiance from 
a given Place. 

Lay the Quadrant of Altitude oTcr both 
the Places, arid the Number of Degrees 
iDtercepted between them being reduced 
into Miles, will be the Diftance required: 
Or, you may take the Diftance betwixt the 
t#o Places with a Pair of Compares, and 
applying that Extent to the Equator, you'll, 
have the Degrees of Diftance as before. 

Note, A Geographical Mile is the ^th 
Part of a Degree i wherefore if you multi- 
ply the Number of Degrees by 60, the Pro- 
duct will be the Number of Geographical 
Miles 
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Miles of DiAance ibught ; but to reduce 
the iame into £)n^///&MUes, you muA mul- 
tiply by 7Q,becau& about yo.EugliJb IV^les 
make a Degree of a great Circle upon the 
Superficies bf tKe Earth. 

Thus, the Diftance betwixt London and 
Rome will be found to be about 13 Degrees, 
which is 780 Geographical Miles. 

If you redify the Globe for the Latitude 
and Zenith of any ^ven Piace, and brii^ 
tbe faid Place to the Meridian i then turn- 
iqg the Quadrajit of Altitude about, all 
thofe Places that are cut by the fame Point 
of it are at the lame DiiWce from the 
given Place. 

pROB.Vin. To Jtnd the ^le of Portion 
gf TlaceSt or the At^U firmed by tbe Me- 
ridian of one Piace^ end a great Circk 
pa^g through both the Places. 

Having reAified the Globe for the Lati- 
-tude and Zenith of oneof the given Places, 
bring the faid Place to the Meridian, dten 
-turn the Quadrant of Altitude about, until 
the fiducial Edge thereof cuts the itther 
l*lace, and die Number of Degrees upon 
the Horizon, contained between the laid 
Edge and the Meridian, will be the Angle 
of Pofition fought. 

Thus, the i^^gle of Pofition at the X/r 

zar^/, between the Meridian of the Lizard 

and 
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and the Great Circle, pifling from thenc<i 
to Barbadoei is 69 Degrees South- Weftcrly j 
but the Angle of Poution between the fame 
Places at Barbadoes, is but 38 Degrees 
Nortb-Eafterljr. 

SCHOLIUM. 

The Angle of Pofition between two 
Places is' a diiferent Thing from what is 
mearjt by the Bearings of Places ; the Bear- 
ings of two Places is determined by a Sort 
of fpiral Line, called a Rhumb Limy paf^ 
fing between thcni in fuch a Manner, as to 
make the fame or equal Angles with all the 
Meridians through which it pafleth; but the 
jingie or "Pofition is the very fame Thing 
with what wc call the Azimuth in Aftro- 
nomy, both being formed by the Meridiaa 
and a great Circle palfing thro' the Zenith 
of a given Place, and a given Point either 
in the Heavens, then called the Azimuth, 
or upon the Earth, then called the Angle of 
Polition. 

From hence may be (hewed the Error of 
that Geographical Paradox, liiz. If a Place 
A bears from another B due Weft, B fhall 
not bear from A due Eaft. I find this Pa- 
radox vindicated by an Author, who at the 
fame Time gives a true Definition of a 
Rhumb Line: But his Arguments are un- 
geometrical ; for if it be admitted that the 
Eaft 
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"Eaft and Weft Lines make the iame Angles 
with all the Meridians through which uiey 
pafs, it will follow that thefe Lines are the 
Parallels of Latitude : For any Parallel 
of Latitude is the Continuation of the 
Surface of a Cone, whofe Sides are the 
Radii of the Sphere, and Circumference of 
its Bafe the faid Parallel ; and it is evident, 
that all the Meridians cut the faid Surface 
at right (and therefore at equal) Angles ; 
whence it follows, that the Rhumbs of 
Eaft and Weft are the Parallels of Lati- 
tude, though the Cafe may feem diftereot, 
when we draw inclining Lines (like Me- 
ridians) upon Paper, without carrying our 
Ideas any farther. 

Prob. IX. To find the Antceci, Perioeci, ani 

Antipodes to an^ given Place. 

Bring the given Place totheMeridiaa.and 
having found its Latitude, count the fame 
Number of Degrees on the Meridian from 
the Equator towards the contrary Pole, 
and that will give the Place of the AntacL 
The Globe being ftill in the fame Pofition. 
fet the Hour Index to XII at Noon, then 
turn the Globe about till the Index points to 
the lower XII j the Place which then lies 
under the Meridian, having the fame Lati- 
tude with the given Place, is the Periceci 
required. As the Globe now ftands, the 
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Antipodes of the given Place are under the 
iame Point of the Meiidian, that its Antaci 
ftood before : Or, if you reckon 1 80 De- 
grees upon the Meridian from the given 
Phce, that Pwnt will be the Antipodes. 

Let the given Place be London m the La- 
titude of 51^ Degrees North, that Place 
which lies under cbe fame Meridian and in 
ihe Latitude 51 ■*■ Degrees South, is the 
Anteeci ; that which lies in the fame Pa- 
rallel with London, and 180 Degrees of 
Longitude frmn it, is the Ferieeci ; and 
the Antipodes is that Place whoie Loiw;i- 
tnde from London is 1 80 Degrees^ and La-. 
titude 51 1 Degrees South. 

PROB. X. The Hour of the Day at one Place 
ieing given ; to find the torrejjpondeat 
Hour (or 'what o'Clock it is at that lime) 
in any other Place. 

The Difference of Time betwixt two 
Places is the htt» with their Dififcrcnce of 
Longitude j wherefore having found their 
Difference of Longitude, reduce it IntoTime, 
(by allowing one Hour forevcry 15 Degrees, 
tSc.) and if the Place where the Hour is 

required Ues *( f^J^Jxy^ > from Ac Place 

where the Hour is given, ^^^^jjji.^^ J. the 
Differemce of Longitude reduced imo Time 
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15° I the Hour given; and the Sum 

or Remainder will accordingly be the Hour 
required. Or, 

Having brought the Place at which the 
Hour is given to the Meridian, fct the Hour 
Index to the given Hour ; then turn the 
Globe about until the Place where the Hour 
is required comes to the Meridian, and the 
Index will point out the Hour at the iaid 
flace. 

Thus when it Is Horn at Landm^ it 1^ ' ! 
H, M. 

^Rame — — - — o 52 P. M, 

.XCfinftantim^le—^ —2 07- P. Mi 
^^'\Fera~Cruz —5 30 A.M. 

LFeqUin in China — — 7 50 P. M. 

pROB. Xl. . The Day of the Month heing 
given, to find thoj'e Places on the Glom! 
■where the Sun will he Vertical^ w in the 
Zenith^ that Hay. 

Having found the Sun's Place in the 
Ecliptic, Dring the fame to the Meridian, 
And note the Degree over it ; then turning 
the Globe round, all Places that pafs under 
that Degree will have the Sun vertical that 
Day. 

H F&OB. 
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Frob. XII. . ^ Place being given in the 
Torrid Zone, to find tbofe fm Dap 
in which the Sun Jbail be Vertical to the 
fame. 

Being the given Pface to the Meridian, 
aiid m^rk what Degree of Latitude is ex- 
tfftly over it ; tJien tlirning the Globe about 
its Axiif, thofe two Points of the Eclip- 
tic, which pafs exactly under the faid Mark; 
are the Sun's Place } againft which, upon 
the Wbodefl Horizon, you'll have the Days 
required. 

fttOB. Xill. Ttf fitid where the Sun is P^er* 

tital at any given Time a^gn'd ; or the 
■ Day b/ the Month and tbe ttoUr at any 
Place (fuppofe London^ being given ^ to 
find in tehat Plate the Sun is VhHicdl hi 
that Vir^*rim. 

Having found the Sun's DeclindtlOn, tod 
brought the fir(l Place (London) to the Me- 
fidiart, fet. the Ihdcx to the given Hour, 
then tUffl the Globt about, uhtil ihfc Indix 
poitttS tdXil at Noon i which being ddft'fe, 
that Place lipbh tbe Globe which ffatids lih- 
rffcf the Folnto'ftfie Sun's Declination upon 
the Meridian, has the Sun that MomeAt ifi 
the Zenith. 

3 PROB. 
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PROB. XIV. The Dayy and ihe koUr of 
the Day at one Plaee^ being givin j to 
find all thofe Pl'acei ' tifon the EaitB^ 
where the Sun is then Ri/ing, Settings Cul- 
minating (or on the Meridiafi) alfo •Abert 
it it Day-light, 'twilight. Dark Night\ 
Midnight i viheri tb^ Tmligbt then he^ 
gins, and where it eriJi ; the Height of 
the Sun ih afif Pdtt of th^ illuMriated 
Bemifphere ; dlfi hit Depreffhn M (Ife 
obfcure Hemifpberi. 

Having found ti^ ^Uce wliefe the SuA 
h Vertiesl at the gfven Hoiir, refiify the 
Globe fO^ that Latitude, and t^irig flw foid 
Place to the Meridian.' . 

Then all thofe Plafic* tfiat art in tW 
Weftern Semicircle of the Horizon, have 
the Sun rifing at that Time. 

Thofe ih the Eaftern Sermcircte have iC 
fetting. 

To thofe who live under the upper Semi- 
circle of the Meridian, it is 12 o'Clock at 
Noon. And, 

Thofe who live under the lowef Senii- 
circle of the Meridian have it at Midnight. 

All thofe Places that are above the 'Ho- 
rizon, have the Sun above them, jufl fo 
much as the Places themfelves are diftant 
from the Horizon ; which Height may be 
known by fixing the Quadrant of Attitude 
H 2 in _ 
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in the Zenith, and laying it over any parti- 
cular Place. 

Inallthofe Places that are 18 Degrees 
below the Weftern Side of the Horizon, the 
Twilight is juft beginning in the Morning, 
or the Day breaks. And in all thofe Places 
that are 18 Degrees below the Eaftern Side 
of the Horizon, the Twilight is ending, 
and the total Darknefs beginning. 

The Twilight is in all thofe Places whofe 
DepreHion below the Horizon does not ex- 
ceed 18 Degrees. And 

All thofe Places that are lower than 1 8 
Degrees have dark Night. 

■ The Dcpreffion of any Place below .the 
Horizon is equal to the Altitude of its An- 
tipodes, which may be eaiily found by the 
, Quadrant of Ajititude. 

pROB. XV, The Day of the Month being 

■ given i to Jhem, at one VieWy the Length 
of Day and Night in all Places u^on the 

■ Earth at that Time -, and to explain how 
. , the Viciffitudes of Day and Night are 

really made by the Motion of the Earth 
round her Axis in 24 Houn, the Sun'ftand~ 
. ingflilL 

. The Sun always illuminates one half of 
the Globe, or that Hemifphere which is 
next towards him, while the other remains 
in Darknefs : AmJ if (as by the laft Problem) 
3 '^ 
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we elevate the Globe according to the Sun's 
Place in the Ecliptic, it is evident, that the 
Sun (he being at an immenfe Diftance from 
the Earth) illuminates all that Hemifphere, 
which is above the Horizon ; the Wooden 
Horizon itfelf will be the Circle termina- 
ting Light and Darknefs j and all thofe 
Places that are below it, are wholly depri- 
ved of the Solar Light. 

The Globe ftanding in this Pofition, thofe 
Arches of the Parallels of Latitude which 
"ftand above the Horizon,- are the Diurnal 
Arches^ or the Length of the Day in all 
thofe Latitudes at that Time of the Year ; 
and the remaining Parts of thofe Parallels, 
which are below the Horizon, are the Noc- 
turnal Arches, or the Length of the Night 
in thofe Places. The Length of the Diur- 
nal Arches may be found by counting how 
many Hours arc contained between the two 
Meridians, cutting any Parallel of Latitude, 
in the" Eaftern and Weftern Parts of the 
Horizon. 

In all thofe Places that are in the Weftern 
Semicircle of the Horizon, the Sun appears . 
rifing : For the Sun, ftanding ftill in the 
Vertex, (or above the Brafs Meridian) ap- 
pears Eafterly, and 90 Degrees diftant from 
all thofe Places that are in the Weftern Se- 
micircle of the Horizon ; and therefore in 
thofe Places he is then rifmg. Now, if 
vtt pitch upon any particular Place upon 
H 3 the 
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ithe Globe, and brjing it to Uie jMo'idiUt 
«nd then Ltring the Hour- Index to the 
jower 12, wbkh in ^is Cafe we'll fup- 
pofe to be J2 at Noon ; (becaufe otherwife 
the Numbers upon the Hour Circle will 
jiot ^nfwer our Purpofe^ and afcerwar(^ 
^um the Globe about, until the aforeiai^ 
Place be brought to the Weftern Side of the 
Horizon J the Index will then flicw thje'"' 
Time of Sun-rifing in, that Platje. Then" 
4urD the Globe gradually about from . . . 
Weft to Eaft, and minding the Hour.- "^ ; 
ripdex, wc ftjall fee the Progrefs made ^.. 
ifi the Day every Hour, in all Latitude^ "* 
upon the Globe, by the real Motion of t^i^ 
JEi^th round its Apcis j until, by their coq- 
4inu?t Aj>proach to the Brafs Meridian . 
.(over which tbc Sun ftands ftill all the .whil^ 
tthcy at laft have Noon Day, and the Si^i 
(appear^ at the higheft j and tlien :by Eter 
^r^a$, as ^h.ey move Gafterly, ^he Spn feen^ 
^p^lctjliqe Weftvvard, until, as the Places 
fucccflively arrive intheEaftern P^rt qf the 
^Qii\xotiy the Sun appears to fet in the 
.Weft^n : Ji'qr the Places. th^t are in the 
jH()rizon,;ace 90 Degrees diftant from the 
.Si?n. \V.e,may oWecve, (hat gll Pl?(;e8,up- 
rflpfhe :^arth, that,d!ffer:^n Latitude, hAVjC 
.their Pays^ofdiiTerent Length (cxcept.vrbep 
•the Sun is in the Equinp^ial) heui^ loo- 
' .ger ,,9r -porter, in proportion to,^hat 'Fait 
-«f the i^araUels ,jUnd .al^oKe the^prizoo* 
thofe 
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Thofe that are in the fame Latitude, h^p 
their Days of the fame Length ; but have 
them commence foQner or Uter, according 
as the Places diifer in Longitude. 

pRpB.XVI, To explain- in general the Al- 
teration ofSeaJom, or Length of the Days 
and Nights t made in all Places of the 
■ -« ff^orhl, hy the Sun's (or the Earth's) an- 
nual Motion in the Ecliptic. 

It has been fhewed in the laft Problem, 
how to place the Globe in Aich a Pofition, 
as to exhibit the Length of the Diurnal and 
No^urnal Arches in all Places of the Earth, 
at a particular Time : If the Glo^ be con- 
tinually rectified, according as the Sun al- 
Iters his Declinatiop (which may be known 
by bringing each D.egree of thp Ecliptic 
fucccHively to the Meridian) you'll fee the 
gradual Increafe or Decreafe made in the 
Days in all Places of the World, according 
as a greater or Icffer Portion of the Paral- 
lels of Latitude Hand above the Hori- 
zon. We fhall itluftrate this Problem by 
Examples taken at different Times of the 
Year. 

I. Let the Sun be in the fir A Point of ^ 
(which happens on the zift of June) that 
Point being brought to the Meridian, will 
. fhew the Sun's Declination to be 23 | De- 
ll 4 grces 
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greesNdrth j then thcGlobc muft be reiaified 
to the Latitude of 234- Dcgrecsj. and for the 
better llluftration of the Problem, let the firft 
Meridian upon the Globe be brought under 
the Brafs Meridian. The Globe being in 
this Pofition you'll fee at one View the 
Length of the Days in all Latitudes, by 
counting the Number of Hours contained 
between the two extreme Meridians, cutting 
any particular Parallel you pitch upon, in 
theEafternandWeftcrnPartofthe Horizon. 
And you may obferve that the lower Fart 
of the AriSic Circle juft touches the Hori- 
zon, and confcquently all the People who 
Hve in that Latitude have the Sun above their 
Horizon for the Space of 24 Hours, without 
fetting i only when he is in the lower Part 
of the Meridian {which they would call I2 : 
at Night) he juft touches the Horizon. 

To all thofe who live between the Ardtic 
Circle and the Pole, the Sun does not fet, 
and its Height above the Horizon, when 
hfc is in the lower Part of the Meridian, is 
equal to their Diftanc? from the Ar<ftic Cir» 
cle : For Example, Thofe who live in the 
83d Parallel have the Sun when he is loweft; 
at this Time 1 3 -J Degrees high, 

If' We caft our Eye Southward,' towards 
the Equator, we ftiall find, that the Diurnal 
Arches, or the Length of the Days in the 
fevcral Latitudes, gradually leffen : The 
pivirnal Arfh of the Parallel of Lon(lcn at 
this 
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this Time is 16^ Hours ; that of the Equator 
(is always) 1 2 Hours; and fo continually 
lefs, till we come to the AntarSiic Cirlle^ 
the upper Part of which jufl touches the 
Horizon j and t^ofe who live in this Lati- 
tude have )uft one Sight of the Sun, peeping 
as it were in the Horizon : And in all that 
Space hetween the Antarctic Circle and the 
South Pole, lies in total Darknefs. 

If from this Polition we gradually move 
the Meridian of the Globe, according to the 
progreffive Alterations made in the Sun's 
Declination, by his Motion in the Ecliptic, 
we {hall find the Diurnal Arches of all thofe 
Parallels, that are on the Northern Side of 
the Equator, continually decreafej and thofe 
on the Southern Side continually increafe, 
in the fame Manner as the Days in thofe 
Places ihorten and lengthen. Let us again 
obferve the Globe when the Sun has got 
within 10 Degrees of the Equinoftial; now 
the lower Part of the 80th Parallel of North 
Latitude JLift touches the Horizon, and all 
the Space betwixt this and the Pole, falls in 
the illuminated Hemifphere ; but all thofe 
Parallels that lie betwixt this and the Ari^c 
Circle, which before were wholly above 
the Horizon, do now interfeA it, and the 
Sun appears to them to rife and fet. From 
hence to the Equator, we Ihall find that 
thp Days have gradually fhortned j and 
from the Equator Southward, they have gra- 
dually 
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dually lengthened, until we come to the 
hoth Parallel pf South Latitude ; the upper 
P^rt of which juft touches the Horizon, 
and all Places betwixt this and the South 
Pole are in total Dar'knefs ; byt thofc Paral- 
lels betwixt this and the Antarctic Circle, 
whjcb before were wholly upon the Ho- 
rizon, are now partly above it; the Length 
of their Days being exa£tly equal to thai of 
the Nights in the fame Latitude in the con- 
trary Hemifphere. This alfo holds univer- 
fally, that the Length pf the Day ,in one 
Latitude North, is ezaflly equal to the 
Length of the Night in the fame Latitude 
South} and viceverfa. 

Let us again follow the Motion of the 
San, until he has got into the Equinodial, 
andt^ke a View of the Globe while it is iii 
this Poiition. Now all the Parallels of La- 
titude are cut Into two equsd Parts by the 
Horizon, and confequently the Days and 
Nights are of equal Lengths, viz. 1 2 Hours 
each in all Places of the World j the Sun 
rifing and fctting at Six p'Clock, excepting 
under the two Poles, which now lie exadly 
in the Horizon : Here the Sun feeiRS to 
ftand ftil,! in the fame Point of the Heavens 
for fonoe Time, until by Degrees^ by his 
■ Motion in the Ecliptic, he afcend's higher to 
one and ^ifappears to the other, there be- 
ing properly no Days and Nights under the 
Poles ; foi' there the Motion of the Earth 
round its Axis can't be obierved. If 
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If we follow the Motion of ^ Siui to- 
wards the Southern Tropic we fha\\ fee 
the Diurnal Arches of the Northern Paral- 
lels continually decreafe, and the Southern 
ones tucreafe in the fame Proportion accor- 
ding to their refpeftive Latitudes ; the North 
Pole continually defcending, and the South 
Pole afcending above the Horizon, until 
the Sun arrives into ^a", at which Time ftl^ 
the Space within the Antarctic Circle if 
^above the Horizon ; while the Space be^ 
iween the Ardic Circle, and its neigh- 
bouring JPole, is in total Darknefs. And we 
diall now find all other CircumAances quite 
^everfe to what they were when the Sun 
was in b } the Nights now all over the 
World being of the fame Length that the 
pays were of before. 

We have now got to ,the Extremity o£ 
the Sun's Declinatioh ; and if we follow 
him through the other half of the Ecliptic, 
and rediiy the Globe accordingly, we fhall 1 
find the Seafons return in their Order, un- 
til at length we bring the Globe into its firft 
Fofition. 

The two foregoingProblems werenot, as 
I know of, publilhed in any Book on this 
Subjedt before j and 1 have dwelt the longer 
upon them, becaufe they very well illuftrate 
how the Viciflltudcs of Days and Nights 
are made all over the World by the Motion 
of 
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of the Earth round her Axis • the Horizon 
of the Globe being made the Circle, fepa- 
rating Light and Darknefs, and fo the Sun 
to ftand ftill in the Vertex. And if we really 
could move the Meridian, according to the 
Change of the Sun's Declination, we fhould 
fee at one View the continual Change made 
in the Length of Days and Nights, in all 
Places on the Earth ; but as Globes are fitted . 
up< this cannot be done; neither are they 
adapted for the common Purpofes, in Places 
, near the Equator, or any where in the 
Southern Hemifphcre. But this Inconveni- 
ence is now remedied fat a fmall additional 
Expencej by the Hour Circle being made to 
Ihift to either Pole ; and fome Globes are • 
now made with an Hour Circle fixttothe 
Globe at each Pole, between the Globe and 
Meridian, fo as to have none without Side to 
interrupt the Meridian from moving quite 
round the Wooden Horizon.', 

Prob.XVIL ToJhewbytbeGkbe^at one Vie^D^ 
the Length of the Days and Nights in any 
particular Places, at all limes of the Tear. 

■ Becaufe the Sun, by his Motion in the 
Ecliptic, alters his Declination a fmall Mat- 
ter every Day ; if we fuppofe all the Tor- 
rid Zone to be filled up with a fpiral Line^ 
baying fo manyTurningSi or a Screw having 
fo many Threads, as the Sun is Days in go- 
ing from one Tropic to the other : And 
ihefe Threads at the fame Diftance from one 
another 
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another in all Places, as the Sun alters his 
Declination in one Day in all thofe Place? 
refpeftivcly : This Spiral Line or Screw will 
reprefent the apparent Paths defcribed by 
the Sun round the Earth every Day ; and 
by following the Thread from one Tropic 
to the other, and back again, we fliall have 
the Path the Sun feems to defcribe round 
the Earth in a Year. But becaufe the Incli- 
nations of thefc Threads to one another 
are but fmall, we may fuppofe each Diurnal - 
Path to be one of the Parallels of Latitude 
drawn, or fuppofcd to be drawn upon the 
Globe. Thus much being premifed, we 
ihall explain this Probiem, by placing the 
Globe according to feme of the moll re- 
markable Poiitions of it, as before we did for 
the moft remarkable Seafons of the Year. 

In the preceding Problem, the Globe beiog 
reiflified according to the Sun's Declination^ 
the upper Parts of the Parallels of Latitude^ 
reprcfented the Diurnal Grebes, or the 
Length of the Days all over the World at 
that particular Time : Here we are to rciSify 
the Globe according to the Latitude of the 
Place, and then the upper Parts of the Pa- 
rallels of Declination are the Diurnal Arches; 
and the Length of the Days at all Times of 
the Year, may be here determined by find- 
ing the Number of Hours contained be*' 
tween the two extremeMeridians,whicb cut 
any Parallel of Declination, In the Eallern 
and Wcftcrh Points of the Horizon j after 
the 
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4ftcf the fame Manner, as before we foifnd 
the Length^ of the Day tn the fcveral Lati- 
tudes at a particular Time of the Year. 

I. Let the Pkce propofed be under thi 
Equinoflial, and let the Globe be accord- 
ingly reftified for 06 Dtgreefi of Latitude, 
which is called adireaPofitionoftheSphert. 
Here all the Parallels of Latitude, which in 
this Cafe we'H call the Parallels of Decli- 
nation, arc tut by the Horizon into two e- 
quaT Parts ; and confequently thofe who Kv6 
under the Equinoflial, have the Days and 
Nights of the fame Length at all Times of 
flic Year ; alfo in this Part of tfie Earth, 
all the Stars fife and fct, and their Coh^ 
nuance above the Horizon, is equal to thet^ 
Stay below it, viz. 1 2 Hours. 

If. from this Pofition we gradually m6v6 
the Globe according to the fever al Altera- 
tions of Latitudes, which we wilt fuppofe to 
be Northerly j the Lengths of the Dikrnai 
Arches will continually increafe, until w6 
come to a Parallel of Declination, as far 
diftant from the EquirioQial, as the Place it- 
fclf is from the Pole. This Parallel \*ill 
jdft touch the Horizon, and all tbeHeavcii^ 
ly Bodies that are betwixt it and the Pol6 
never defcchd below the Horizon. In the 
mean time, while we arc moving the Globe, 
the Lengths Of the Diurnal Arches of th* 
Southern Parallels of Declination, contimi- 
ally diminiih in the fame Proportion that 

the 
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the Northferfi ones increafcd ; uhfil we c^c 
to that Parallel of Declination which is ia 
far dirtahf from the EquinoSial Southerly, 
as" the Place itfilf is from the North Pole 
"the upper Part of this Parallel juft toach« 
the Horizon, and all the Stars that are be- 
twixt it and the South Pole never appear 
above the Horizon. Alt the Noaurnal. 
Archesbf the Sbuthern Parallels of Declina- 
tion, are exactly in the fame Length witfc 
the Diurnal Arches of the correspondent 
Pafillfcls of North Declination. 

2. Let us take a View of the Globe, when ' 
it i^ rcflificd for the -Latitude of London, 
or 51 -J fJegrees North. When the Sun is 
in fhe Tropic of », the Day is about 16 
T Hours } i& he recedes from this "fropic,- 
the Days propbrtionably fiiortenj until he 
art-lves into v ^ and then the Days are at the 
0forte(l» b^ifig nowof theiame Length with 
the Night When the Sun was in ", viz. 
7 f Hoars. The lower Krtof that Parallel 
■of Declination, which is 38 4. Degrees from 
the Eqiiinofiiial Northerly, juft touches the 
florizon ; and all the Stars that are betwixt 
this Parallel and the North Pole, never fet 
to us it London. In like Manner the uppet 
Part of the Southern Parallel of 38t Degrees 
Joft touches the Horizon, and all the Start 
that lie betwixt this Parallel and the South 
Pole are never vilible in this Latitude. 

Again, 
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Again, let us re^ify the Globe for tbe 
Latitude of the ArSic Circle^ we fliall 
then find, that when the Sun is in a, h& 
touches the Horizon on that Day without 
fetting, being 24 Hours compleat above the 
Horizon j and when he is in Capricorn^ he 
once appears in the Horizon, but does not 
rife in the Space of 24 Hours : When he Is 
in any other Point of the Ecliptic, the 
Days are longer or fhorter according to his 
Diftance from the Tropics. All the Stars 
that lie between the Tropic oi Cancer y and 
the North Pole, never fet in this Latitude; 
and thofe that are between the Tropic of 
Capricorn^ and the South Pole, are uways 
hid below the Horizon. 

If we elevate the Globe ftill higher, the 
Circle of perpetual jipparition will be nearer 
the Equator, as will that of perpetual Oc- 
cultation on the other Side. For Example, 
Let us redify the Globe for the Latitude of 
80 Degrees North ; when the Sun's Decli- 
nation is 10 Degrees North, he begins to 
turn above the Horizon without fetting, and 
all the while he is making his Progrefs from 
this Point to the Tropic of as, and back 
again, he never fets. After the fame Manner, 
when his Declination is jo Degrees South, 
he is juft feen at Noon in the Horizon i and 
all the while he is going Southward, and 
back again, he difappears, being hid juft fo 
long as before, at the oppofite Time of the 
Year be appeared vifible. Let 
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Let us now bring the Nortli, Pole into 
the Zenith, then will the Equinodial co- 
incide with the Horizon; andconfequent- 
ly all the Northern Parallels are above the 
Horizon, and the Southern ones beloyr it. 
Here is but one Day and one Night through* 
out the Year, it being Day all the whil« 
tht Sun is to the Northward of the Equi- 
notSlial, and Night for the other h^lf Year. 
All the Stars that -have North Declination, 
always appear above the Horizon, and at 
the fame height; and all thofe.that are on 
the other Side, are never feefi. , ,. ■ 

What has been here faid of rtflifying the 
Globe to North Latitude, holds for the fame 
Latitude South; only that before the.longeft 
Days were, when the Sun was,' in as, the 
fame happening now when the Sun is in Wj 
and fo of the reft of the Parallels, the Sea:- 
fons being dircdtly oppofite to thofe who 
live in different Hemifphcrefi. , 

. I ihall again explain fome Things deli- 
vered above in general Terms, by particular 
Problems. 

fiut from what has been already fmd, we 
may firftmake the following Obfervations: 

I. j^il Places of the Earth do equally en- 
joy the Benefit of the Sun, in refpeSi of TimCy 
and are equally deprived of it, the Days at 
me Time of the Tear being txaSily equal to 
the Night i at the oppofite Seafon. 

I 2. In 
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a. 3k all Placei &f the Batfiy, Jhve exaSf^ 
under the PdUs, the Days and Nights are oj 
equal Length (viz. 12 Hcurs each) vihen tbt 
Sun is in the Equino^ial. 

3. Ihofe •a/ko live under the Equine^ial 
have the Di^s and Nights «f epial Lengths 
■a't all Times of the Tear. 

4. Jnall Places between the Eqitin'-Bial 
and the Poles^ the Days and Nights are never 
equal, hut ivben the Sun is in the Equino^iai 
Points T and *. 

5. The nearer any Place « fo (be Equa~ 
tor, the lefs it the Liijwence between the 
Length 'of the jh-tijicial Bays and Nights in 
the /aid Phee j and the Jaore reaste the 
p'tater^ 

6. ^o'ldifhe Shbohitants fying under the 
fame- PataUel of Latitude, the Days mtd 

liHghts ■are of equal Lengths, and that at all 
Q3*r« vf nft^ ^ar. 

y. The Sun ^^Kerticai .fiwice s Teertostt 
Pmesheitveen the Tropics j' to thofe under 
the 3r^j, onee u 7ear,~6ut fimer ai^ vhert 
elfe. ' 

^, ^all Places Met-axen the Polar Circles, 
undibePoki, the Sun appears fome Number 
of Days without fitting \ and at the oppofite 
Tme^f the Tear he is f>r the fame LengJh of 
Time laitheut fifing j and the nearer unto, 
er further ' remote from tie Pole, tbofi 
Places are, the longer or Jborter is the 
Sun's 
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Shift's c<intime4 freffpfig in» or jil^^ctjrom 

the Jam. 

9. in all P^ces Ipag ^JfaJ?^ ^*^^^ ^hf 
Polar Circles J tbe . Sun, -when be is ia tbt 
nearefi T^opif, appears $4 HQ^rs mtko^t fet- 
ting J and •when be is in tbe cofiiriiry 'Tr^c, 
^ V ffr '^ fi"t' l'^g^i> of Time wiwotif 
rifing i h^t fit ^ fl/^flr Times g^ tife Xfor bf 
rijes (^d Jets tbtrf, af in etber Places, 

JSemi^kere, ipe ZjO^efi IXay ai^ Stfff-^ 
tfi Nigbf, /f wbfti /lie Sim ii in tbe 

Prob. XVHI. TitlMiiftieifanjflifce, 

of thtDay anJNiglil. 

lacing r=^'fi!d -Att^Iob? mV^VH * 
the Lma^i tuingJttf ,§un;!pii(^c,to^the 
^^ridk[i,.and p.^t t})f» ^qi^r|n4^4o iji at 
Noon ; then bring the _^ltn[i P)a^ ,^ the 
Eallern Part of the Horizon, and the Index 
iwill £h^^ .^« TiiQe ,«[}9f;p the 6un rifes. 
Again, turn the Glqbe ui^til tl^,^iA9'-« Place 
be brought to tlic Weifcrn Side (^.,t)le Ho- 
rizon, aod tV Index yri\\ (hcv the Tiine 
qf Sun-fcttipg. 

I 2 The 
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The Hour of Sun-fettmg doubled, gives 
the Length- of the Day ; and the Hour of 
5un-rifirrg doubled, gives the Length of the 
Night. 

Let it be required to find when the Sun 
rifes and fets at London on the 20th of April. 
lleflify the Globe for the Latitude of Lon- 
don, and having found the Sun's Place cor- 
refponding to May the ift, viz. h 10 ^ 
Degree, ming » 10 1; Degrees to the Me- 
ridian, and fet t"e Index at 12 at Noon ; 
then turn the Globe about till s 10 ^ De- 
grees be brought to the Eaftern Part of the 
Horizon, and you'll find the Index point 
4 -^ Hours ; this being doubled, gives the 
Lepgth oi the Night 9 | Hours. Again, 
britigthe Sun's Place to the Weftern Part 
of the Horizon, and the Index wiU point 
7 ^ Hours, which is the Time of Sun-fct- 
ting ; this being doubled, gives the Length 
of the Day 14 i Hours. 

PROB. XIX. Tojind the Length of the 
Lonpjl and Jkoriefi Day and Night in 
tmy given Placcy not exceeding 6(> 4 De- 

• g^ees of Latitude.' 



Note, The Longeft Day at all Places on 
ihc^ c . > Side of the Equator, is when 

the Sun is in the firit Point ofi ^.-„ ■ ' > 
xJUaprtcorn :j 



Wherefore 
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Wherefore having reflified the Globe for 
the Latitude, find the Time of Sun-rifing. 
and fetting, and thence the Length of the 
Day and Night, as in the laft Problem, ac- 
cording to the Place of the Sun : Or hav- 
ing reftified the Globe for the Latitude, 
bring the Solftitial Point of that Hemi- 
iphere to the Eaft Part of the Hori;zoD, and 
let the Index 12 at Noon ; then turning the 
Globe about till the faid Solftitial Point 
touches the, Weftern Side of the Horizon, 
the Number of Hours from Noon to the 
Place where the Index points (being counted 
according to the Motion of the Index) is 
the Length of theLongeftDayj the Com- 
plement whereof to 24 Hours, is the 
Length of the Shorteft Night, and the Re- 
verfe gives the Hiorteft Day and the Longeft 
Night. ' , 

Longefl Day. Short JV. 

Deg. Hours. Hours. 

{45 15 ^ 8 i 
51I _, 16 i 7 t 
60 ^ 17 t 5 t 

if from the Length of the Longeft Day 
you fubtrail 12 Hours, the Number of half 
Hours remaining will be the Climate : Thus 
that Place where the longeft Day is 16 f 
Hours, lies in the 9th Climate. And by the 
Reverfe, having the Climate., you have there- 
fey the Length of the Longeft Day. " 

I 3 PitOB. 



UigniaOb, Google 



pR6i; X% Td find in •what Laliluie the 
LoH^eft Da^ ii, ofdnyghe/t Length kfs 
tb&it 24 Hours, 

Brin^ ihc Sdlftitlal ^bint tb (he Meridian, 
arid fee tfie tndejt to 12 atNoofl j then turn 
the G16bi Weftward till the Index points at 
half the Ntimbcr of Hoars given j which 
being doofe, kftcp thfe Globe from turning 
i^urrd it's Axis, and Aide the MeridiAn np or 
<}6*n in the NdtChts, till the Solftitial Point 
Utiles tb^hfrHoHaAi, thtfri th4t Elevation 
6i the Ptfle ^ill be (he tatitudti. 

If the tl6at-3 given be 16, the latttoile Is 
4(^ Degrees i if to Hours, the Latitade Is 
^3 ♦ degrees* 

pROB. XXI. A Place being given in^ntof 
the iP^rlgid Zones (JUppofet& Northern) to 
find phat Number of -Days (of 24 Hwrj 
edcB) the Sun doth vsnfta?Hhf Jhine upon the 
fitmi\ hov) hng ife is ahfent, and aljb thi 
firfi dnd lafi Day of bis Appearance, 

Having rectified the Globe according to 
the Latitude, turn it about until fomc ^int 
in thfe firft Quadrant of the Ecliptic (be- 
caufe the Latitude is North) interfcds the 
Meridian in the North Point of the Hori- 
zon i ahd right againft that Point of the 
Ecliptic 
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Ecliptic on the Horizon, ftands the Day of 
the Month when the Longeft Day begins. 

And if the Globe be turned about till 
fome Point in the fecond Quadrant of the 
Ecliptic cuts the Meridian in the fame Point 
of the Horizon, it will (hevt the Sun's , 
Place when the Longeft Day ends, whence ' 
the Day of the Month may be found as 
before : Then the Number of Natarat 
Days contained between the Times the 
Longeft Day begins and ends, is the Length 
of the Longeft Day fequired. 

Again, turn the Globe about, until fome 
Point in the third Qiiadraot of the Ecliptic 
cuts the Meridian in the South Part of the 
Horizon J that Point of the Ecliptic will 
give the Time when the Ixjngeft Night be- 
gins. Lafily, turn the Globe about until 
fome Point in the fourth Quadrant of the 
Ediptic cuts the Meridian in the South 
Point of the Horizon ; and that Point of 
the Ecliptic will foe the Pttee of the Sun. 
when the Longeft Night ends. 

Or, the Time when the Longeft Day or 
Night begins, being Iinown, their End may 
be found by counting the Number of Days 
from that Time to the fucceeding Solftice j 
then counting the fame Number of Days 
from the Solftitial Day, will give the Hme 
when it ends. 

1 4 Pslom. 
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pROB. XXII. To find in -what Latitude the 
Longe/i Day is of any gi-ven Length lefs 
than \%2 Natural Days. 

Find a Point in the Ecliptic half fo 
many Degrees diftant from the Solftitial 
Point, as there, are Days given, and bring 
that Point to the Mcridiari ; then keep the 
Globe from turning round its Axis, and 
move the Meridian up or down until the 
aforefaid Point of the Ecliptic comes to 
the Horizon ; that Elevation of the Pole 
will be the Latitude required. 

If the Days given were 78, the Latitude 
is 71 ■}■ Degrees. 

This method is not accurate, becaufc the 
Degrees in the Ecliptic do not correfpond 
to Natural Days ; and alfo becaufe the Sua 
does not always move in the Ecliptic at the , 
fame Rate ; however, fuch Problems as thef« 
may ferve for Amufements. 

Prob. XXIII. The Day of the Month bein^ 
given, tofnd when the Morning and Even- 
ing Twilight hegins and ends, in any t'lact 
upon the Globe. 

In the foregoing Problem, by the Length 
of the Day, we mean the Time from Sun- 
rifing to Sun-fet ; and the Night we reckon- 
*'d from §uii-fet, till; lie rofcnext Morning; 
But it is found by Experience, that Tctal 
parbtefi 
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Darknefs does not commerice in the Even- 
ing, till the Sun has got 18 Degrees below 
the Horizon ; and when he comes within 
the fame Diftance of the Horizon next 
Morning, WQ'have the firft Dawn of Day. 
This faint Light which we have in the 
Morning and Evening, before and after the 
Pun's rifing and fetting, is what we cal! the 

* Having reaified the Globe for the •Pret.VU 
Latitude, the Zenith, and the Sun's Place, 
turn the Globe and the Quadrant of Alti- 
tude until the Sun's Place cuts 1 8 Degrees 
below the Horizon (if the Quadrant 
reaches fo far) then the Index upon the 
Hour-Circle will (hew the Beginning or 
Ending of Twilight after the fame Man- 
ner as before we found the Time of Sun- 
rifing and fetting, in Pro^. 18. But by 
reafon of the Thickncfs of the Wooden 
Horizon, we can't conveniently fee, or com- 
pute when the Sun's Place is brought to the 
Point aforefaid. Wherefore the Globe being 
reftiiied as above direffted, turn the Globe 
and alfo the Quadrant of Altitude Weftward, 
until that Point in the Ecliptic, which is 
oppofite to the Sun's Place, cuts the Qua- 
drant in the ilithDcgree above the Horizon; 
then the Hour-Index will fliew the Time 
when Day breaks In the Morning. And if 
,ypu turn the Globe and the Quadrant of 
Altitude, until the Point opposite to the 
Sun's 
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Sun's PkCe cuts the Quadrant in the i8th 
Degree in the Eaftern Hemifphere, the 
- Hour-Hand will fliew when Twilight ends 
in the Evening. Or, having found the Time 
from Midnight when the Morning Twilight 
begins, if you reckon (o many Hours before 
Midnight, it will give the Time when the 
Evening Twilight ends. Having found the 
Time when Twilight begins in the Morn- 
ing, find the Time of Sun-rifing, by Prob, 
J 8. and the Difference will be the Duration 
©f Twilight. 

Thus at London on tfee 1 2th of May^ 
Twilight begins at three Quarters pal): One 
o'clock; the Sun rifes at about half an hotir 
part Four: Whence the Duration of Twi- 
light now is a -f Hours, both in the Morning 
and Evening. On the twelfth of Novem&tr, 
the Twilight begins at Half an Hour paft 
Six, being fomewhat above an Hour before 
Sun-rifing. 

Pros. XXIV. To Jiad the Time -wben total 
Dirknefs ceafes, or tvim the Twilight cow- 
tinues fr»m Surt-Jetttng to Sun-rt)ing, in 
any given Place. 

Let the Place be in the Northern He- 
mifphere ; then if the Complement of the 
Latitude be greater than (the Depreffion) 
J 8 Degrees, fubtraft j8 Degrees from it, 
and the Remainder wilt b* ue Sun's De- 
clination 
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dinaticm North when total Darktitfs teifts. 
But if theComplfeftient of the Laritud* k left 
than 18 Degrees, their Di^i-enoe witl b6 
the Sbn's Declination South, when tht: Twi* 
light begins to continue all Night. If the 
Latitude is South, the only D'tffiftneo Will 
be, that the Suh's DecIirifl(ion will be dA 
the contrary Side. 

Thus It Londen^ when <he fiun's D«e11'- 
nation North is greater than so f Di:gf«ie. 
there is nti total Darknefs, but cofiil^tlfc 
Twilight, which happens from the 26Eb bt 
May to the 1 8tb of Julyt being near tWb 
Months. Under the North Pde the Twi- 
light ceafesi when the 3lin't Declination U 
greater than i S Degrees South, which U 
from the 13th of Novmher^ till the apth of 
January : So that notwithftanding the Sun 
is abfent in this Part of the World for Hal/ 
a Year togethert yet total Darknefs does not 
' continue above 1 1 Weeks ; and befideB, the 
Mom is above the Horizon for a whole 
Fbrthight of everjr Month thrdUghodt the 
Year. 

pROBi XXV. ^be Ddy tf the Mttith Mf^ 
given i to find tbtfe FiOces of the FrigiJ 
Zones, where the Sun te^ini ft fiim ctn^ 
^aittfy icttbout fetting i and aljh thsfe 
Places Vfben be begins to be totally ab- 
fent. 

Bring 
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. Bring the Sun's Place to the Meridian, 
and mark the Number of Degrees contain'd 
betwixt that Point and the Equator ; then 
oiunt the fame Number of Degrees from ' 
, the neareA Pole {•aiz. the North Pole, if 
the Sun's Declination is Northerly, other- 
wife the South Pole) towards the Equator, 
and note that" Point upon the Meridian j 
then turn the Globe about, and all the 
Places which pafs under the faid Poitit, ar6 
thofe where the Sun begins to Ihine con- 
ftantly, without fetting on the given Day. 
If you lay the fame Diftance from the op- 
pofite Pole towards the Equator, and turn 
the Globe about, all the Places which pafs 
under that Point, will be thofe where the 
lopgeft Night begins. 

^the Latitude of the Place being given, to 
find the Hour of the Day 'when the Sun 
Jbinei. 

Jf it be in the Summer^ elevate the Pole 
according to the Latitude, and fct the Me- 
ridian due North and South ; then the Sha- 
dow" of the Axis will cut the Hour on the- 
Dial-Platc: For the Globe being reSified 
in this Manner, the Hour Circle is 'a true 
Equino£iial Dial j the Axis of the Globe 
being the Gnomon. This holds true in 
Tbeory, but it might not be very accurate 
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in Pra(aice, becaufe of the Difficulty in 
placing the Horizon of (he Globe truly 
horizontal, and its Meridian du& North and 
South. 

■ If it be in the NVintcr Half Year, elevate 
the South Pole according to the Latitude 
North, and let the North Part of the Ho- 
f izon be in the South Part of the Meridian 5 
then the Shade of the Axis will fliew the 
Hour of the Day as before 4 But this cannot 
be fo conveniently performed; tho' the Rea- 
son is the iame as in the former Cale. 

To jmi the Sun'i Altitude^ when itjhines^ Irf 
tbeGkhe, 

Having fet the Frame of ihe Globe truly 
horizont^d or level, turn the North Pole 
towards the Sun, and move the Meridian 
■up or down in the Notches, till the Axis 
calls no Shadow ; then the Arch of the 
Meridian, contain'd betwixt the Pole and 
the Horizon, is the Sun's Altitude. 

iSTo/f, The heft Way to find the Sun's 
Altitude, is by a little Quadrant graduated 
into Degrees, and having Sights and a Plum- 
met to it : Thus, hold the Quadrant in your 
Hand, fo as the Rays of the Sun may pals 
through both the Sights, the Plummec tiien 
hanging freely by the Side of the Inftru- 
fnent, will cut in the Limb the Ahitude 
required. 
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f eqaired. . Tbe& Quadraots arp to be h^j 
,u the loAruiaeot-Makers, with Uoesdrftwix 
upon thtm, for fiodiog t])c Ho^u of the 
Day and the Azimuth> with feveral other 
pretty poneluiioas, vitey entcctaiaiog for 



■?& Latitude, md the Day of the Month he-e 
dj^ gf'jm, tofi^ the flaw sfthf Day os^ 
the Sua fidaei. 

Having -placadthe Wooden Frame upon 
d Level, and the Meridian due North and 
South, rectify th? .Globe for .the Latitude, 
and fix a Needle -perpendicularly over the 
Sun's Place : The Sqn's Place being brought 
fO'tdie MeridioB, {ex. the H6ur-Iii(lex at la 
at Noon, then turn the :Globe about uatil 
«he Needle points- exactly to the -Sun^ and 
czfts no Shadow, and then the ladox will 
^ew^eHourof (he Dfiy. 

Prob. 3aV=I. TjEkt Z-a/jVWf. the SusU 
-iPlace, and his ^^kiiude, hea^ givfit ; i9 
Jnd the Mmr rf the Da*/, mi pke Sm'-s 
Jzimutb frmi the Meridiaa. 

'Hauingreftiiied'the Globe ffcH' the Latt- 
itude, the Zenilh, and the Sun's Place, turn 
-the.Globe and the. Quadrant of Altitude, To 
4hat the Sun's Place may cue the given De- 
gree 
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gree of Altitude : then the Index will fhew 
the Hour, and the Quadrant wiH cut the 
Azimuth in the Horizon. Thus, if at£on- 
^, on the 2ift of -^«g-a/?) the Sun's Al- 
titude be 3 6 Degrees in the Forenoonj the 
Hour of the Day will be IX, and the Sun's 
Azimuth about 58 Degrees from the South 
Part of the Meridian. 

^be Sun's jizimutb keing geoen, to place the 
Meridian of tbe Ghbe due North and Souths 
er to Jhid a Meridian Line when tbe Sm 



Let the Sun's Aximuth be 30 Degrees 
South-Eafterly, fct the Horizon of the Globe 
upon a Level, and bring the North PoI« 
into the Zenkh ; then turn the Horizon 
■about until the Shade of the Axis cuts as 
many Hours as Is equivaleot to the Azi- 
muth (allowing 15 Degrees to an Hour) 
in theNorth-WeftPartof the Hour-CircIe, 
viz. X at Night ', which being done, the 
Meridian of the Globe ftands in the true 
Meridianof the Place. The Globe land- 
ing in this Pofition, if you hang two Plum- 
mets at the North and South Points of the 
Wooden Horizon, and draw a Line be- 
twixt them, jTOu'll have a Meridian Line j 
whidh if it be on a fixed Plane (as a Floor 
or Window) it will be a Guide for placing 
the 
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the Globe due North and South at any 
other Time. 

.PROB. XXVII. The Latitude, Hour of the 
Day, and the Sun's Place being given, to 
■ Jind the Sun's Altitude and Jzimutb. 

Reftify the Globe for the Latitude, the 
Zenith, and the Sun's Place, then the Num- 
. bef of Dcgrpes contained betwixt the Sun's 
Place and the Vertex, is the Sun's Meridio- 
nal 2enit[i Diftance i the Complement of 
which, to 90 Degrees, is the Sun's Meridian 
Attitude. If you turn the Globe about 
until the Inde^ points tolny other given 
Hour, then bringing the Quadrant of Akr- 
, jtude to cut the Sun's Place, you'll have the 
Sun's Altitude at that Hour ; and where the 
Quadrant cuts the Horizon, is the- Sun's 
Azimuth at the fame Time. Thus May 
the 31ft at London, the Sun's Meridian Al- 
titude will be 6t -^ Degrees j and at 10 
o'clock in the Morningi the Son's Altitude 
■will be 52 Degrees, and his Azimuth about 
50 Degrees from the South Part of the 
.Meridian. 



pROB. 
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PROB. XXVIII. rbe tatitude of the Place, 
and the Day of the Month Being ghen -^ ta 
find the Depr^ott of tbe Sun below the 
Horizon, and tbe jiaimutb at any Hour. 
oftbeNigbt. 

Having redificd the Globe for the Lati- 
tude, the Zenith and tbe Sun's Place, take 
a Point in the Ecliptic, exa&Ijr oppofite to 
tile Sun's Place, and find the Sun's Altitude 
and- Azimuth, as by the laft Problem, and 
thefe will be the Deprenion and the Altitude 
required. Thusi if Ae Time given be the 
jfl of December^ at 10 o'Clodc at Night,, 
tile DeprelBon and Azimuth will be the 
iame as was found in the laft Problem. 

PkoB-.XXlX. Tbe Latitude, tbe Sun's Place, 
and bis jh^imutb being given j to find bis 
jiltitude, and tbe Hour. 

Rectify the Globe for the Latitude, the 
Zienith, and the Sun's Place, then put the 
Qjiadrant of Altitude to the Sun's Azimuth 
in the Horizon, and turn tbe Globe till the 
Sun's Place meet the Bdge of the Quadrant, 
tiien the faid Edge will fliew the Altitude, 
and tbe Index point to tiie Hour. Thus, 
May tbe 2 1 ft at London, when the Sun is due 
Baft, his Altitude will be about 24 Degrees, 
and the Hour about VII in the Morning } 
K and 
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and when his Azimuth is 60 Degrees South- 
Wefterly, the Altitude will be about 44 -i- 
Degrees, and the Hour about 2 ^ in the Af- 
ternoon, 

Thus, the Latitude and the Day being 
known, and having befides either the Alti- 
tude, the Azimuth, or the Hour ; the other 
two may be eafily found. 

.. Prob. XXX. The Latitudt^ the Sun's AkU 
tude, and hit ^imutb being given % to find 
bis Place in tbe Ecliptic and the Hour. 

Redify tbe Globe for the Latitude and 
Zenith, and fet the Edge of the C^adrant 
to the given Azimuth ; then turning the 
Globe about, that Point of the Ecliptic 
which cuts the Altitude will be the Sun's 
Place. Keep the Quadrant of the Altitude 
in the fame Polition, and having brought 
' the Sun's Place to the Meridian, and the 
Hour Index to 12 at Noon, turn the Globe 
%bout till the Sun's Place cuts the Quadrant 
of Altitude, and then the Index will point 
the Hour of the Day. 

pROBy XJCXI. The Dfclhieticn and Meridian 
Altitude of tbe Sun, £r. of any Star being 
^iven ; to find tbe Latitude of tbe Place. 

Mark ;the Point of Declination upon the 
Mejtdian,'' a'ccprding as it. is either North or 

:, " South 
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Soath from the Equator } then Hide the 
Meridian up or down in the Notches, till 
the Point of Declination be fo far diilant 
from the Horizon, as is the given Meridian 
Altitude i that Elevation of the Pole will 
be the Latitude. 

Thus, if the Sun's, or any Star's Meri- 
dian Altitude be 50 Degrees, and its De- 
clination 1 1 T Degrees North, the Latitude 
will be 5 1 1 Degrees North. 

■Prob. XXXN. The Day and Hour of a Lamar 

Bchpfe being known ; to find di tbofe Places 
upon the Globe in which the fame will be 
. vifibk, 

♦ Find where the Sun is vertical at the •AwS. 
given Hour, and bring that Point to the''"'" 
Zenith ; then the Ectlpfe will be vilible in 
all thofe Places that are under the Horizon : 
Or, if you bring the Antipodes to the Place 
where the Sun is vertical, into the Zenith, 
you will have the Places where the Eclipfe 
will be vilible above the Horizon. 

Note^ Becaufe Lunar Eclipfes continue 
fometimes for a long while together, they 
may be fcen in more Places than one He- 
mifphere of the Earth ; for by the Earth's 
Motion round its Axis, during the Time 
of the Eclipfe, the Moon will rife in ieveral 
Places after the Eclipfe began. 
. Note, When an Eclipfe of the Sun is 
central, if you bring the Place where the 
K 2 Sun . 
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Son is vertical at that Time, into the Ze- 
nith, fome Part of 'the EcHpfe will be vifi- 
Hc in moft Places within the upper Hemi- 
fphere; butby Reafon ofthefhort Duration 
of Solar Eclipfesj and the Latitude whidi 
the Moon commonly has at that Time, 
(the' but fmall) there is no Certainty in de- 
termining the -Places where thofc Eclipfes 
willbevifibleby the'Globej but Recourfe 
muft be had to Calculations. 

Pkob. XXXWI. The Day of the Month, and 
Hour of the Day^ according to our Way of 
reckoning in England, being given to find 
tbereSy the Babylonic, Italic, and the Jew- 
ifli or Judaicat Hour. 

1. To find the Babylonic fkur (<n^icfa is 
the Nurtiber of Maui's from Sun-rifing.^ 
Having fbundthe Timeof Sun-rifing in the 
^iven Place, the Dlfferehce b^wixt this and 
die Hour given is the Babyhnic'Hom. 

7.' To find the Italic Hour (which is the 
Number ofHours ffom Sun-fctting.) Sub- 
ltz&. the Hout of Sun-fettiog from-tne given 
Hoar,<flind the Remainder will be the ItaHe 
■Hour required. 

3. Tofindthej«fw/^ffoi/r (which is .•*; 
■Part of -an jirttjicial Day.) Find how many 
Kours the Day confifts of j then iay, as the 
Number of Hours the Day confifts of is to 
^ 2 -Hours, fo is the Hour fince 6un-rifing to 
the yudaiedJUoat required. 

3 Thiw, 
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Thus, if the Sun rifes ^4: o'Q^fli (qott- 
fequcntly fets at 8 ) and the Hour given be 
5 in the Evening, the Babylonic Hour 
will be the 1.3th, the /fdAV tfce zift, and 
the Jewi/b t^our will be Nine, and Three 
Quarters. 

The Converfe being given, the Houc oif 
the Day, accprding to oijr- Way of reckon- 
ing in Bngiaa^^ may b^ eaiily fpand. 

The following Problems are peculiar to 
*hft€>/5<?w/eiobe. 

P^ioB,, XXXJV.. Tojin^.ibi Right JpnM 
and Declination, of the Sun or anyx Fixed 
Star, 

Bring.the Sun's Place in the Ecliptic to 
the lyieridiao; then that Degree of the £- 
quator, which is cut by the MeridiajQ, wil) 
be the Sun's Right AJcmfion ; a^ that DCr 
gree of the Meridi^, which \% exa£Uy ovec 
the Sun's Place, is the Sutd DecUnatim- 

After the fame Manner, bring the Placet^ 
any Fixed Star to the MeridiaAi an4 yoa'li 
find its Right Afcenlion in the Equing^al*; 
and Declination of the Meridian. 

Thus, the Right Afcenfion and DecUqa- 
tion is found, a^r the iame Manner ^.th? 
Longitude and Ladtude of a Place upon the 
Terreftriai Globe. 

Note, The Right Afcenfion and Decli- 
nation of the Sun vary, every Pay $ b^( the, 
K 3 Right 
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Right Afceniion, (Sc. of the Fixed Stars is 
the fame throughout the Year -f-. 

The Sun's Right Afcenfion. Declin. 
Dig. Dig. 
T January 3 1 314 —174. S. 

Thus<'n^;^i^'''S '*l~*.w 

Ijuiy 21 120'J — 2ofN. 

i NovemSer 26 242 — 21 S. 

R.Afc.Decl. 
Deg. Deg. 

jlidebaran • • — 6§ 16 N. 

Spica Virgivis ■ I97t 9t ®* 

Capella 74 45^ N. 

Syrius^er the Dog'Star 98J i6| S. 

-iVoft, The Declination of the Sun may 
be found after the fame Manner, by the 
lerreftrial Globe, and alfo his Right Afcen- 
fion, when the Equino£lial is numbered 
into 36c Degrees, commencing at the Equi- 
noftial Point f : But as the Equinoflial is 
Aot always numbered fp, and this being 
properly a Problem in Afirommy^ we chuie 
rather to place it here. 

By the Converfe of this Problem, having 
the Right Afcenfion and Declination of any 

nrenfible Change in the Lmgitnde, Rlght'Alccn- 
)eclinatioa of the Fixed Stan, made by their flow 
irallel to the Ecliptic (being but i Depec in 72 
ot worth Noiice in this Place. 

Point 
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Point given, that Point. itfclf may be eafily 
found upon the .Globe. 

•PROB. -XXXV; 7o find the Longitude and 
Latitude of a given Star. 

Having brought the Solftitial Colure to 
the Meridian, foe the Quadrant of Altitude 
over the proper Pole of the Ecliptic, whe- 
ther it be North or South ; then tura the 
Quadrant over the given Star, and the Arch 
contain'd betwixt the Star and the Ecliptic 
will be the Latitude, and the Degree cut on 
the Ecliptic will be the Star's Longitude. 

Thus the Latitude of ArSlurm will be 
found to be 3 1 Degrees North, and the Lon- 
gitude 200 Degrees from v, or 20 Degrees 
from A : The Latitude of Fomdibaut in 
the Southern Fi(h, 21 Degrees South, and 
Longitude 299 f Degrees, or w 29 4- De- 
grees. By the Converfe.of this Method, 
having the Latitude and Longitude of a Star 
given, it will be eafy to find the Star upon 
the Globe. 

The piAance betwixt two Stars, or the 
Number of Degrees contained betwixt 
them, may be found by laying the Qua* 
drant of Altitude over each of them, and 
counting the Numberof Degrees intercept- 
ed ; after the fame Manner as we found 
the Diftancc betwixt two Places on the 
^erreftrial Globe, in Prob. VIL 

K 4 PHOB. 
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PiioB. XXXVI. rbe Latmde ,6f the ^PJace, 
the Day of the Month, end the How 
being given j ta jind •mbot Stars are tbm 
rtfing ar Jetting, what Stars are culmi- 
nating or on the Meridian, and the jil- 
titude and jhamutb of arty Star. above the 
Jiorizon } and .a/fo ,how ta ^fiitf&*ijh 
tthe Stars in the Hraveas one from the 
. other t and to kmtw them by their ^^er 
. Names. 

:Having rcflificd the Globe fortbe J^- 
titade, the.Zenitb, and the Sun's Place, turp 
. ^er G]obe .about until the Index points to 
|j}eigiven Hour, the . Globe being ^ept jp 

.^is.Ppfition. 

All thcrfeSters that wein the/^^^™A 

^Sk?^f-lheHorizon,-areAen/?-'^8- \ 
\^!)etting. / 
, AH thoic Stars tbat^re under the Merid^ 
■.an, are then culpiiaating. And if the.Q^- 
drant of Altitude be laid over the Center of 
any particular Star, it will ihew that Star's 
Altitijderat tl:^t Tfme j.aod ivhere it cuts^ 
■Ho;izoi)..will be ,^Jie Sfarfs Azimuth froqi 
the North or Soqth Part oif the -Meridian. 

T^e Globe,beit^kept.inthe.ftrneElevar 

tion, apd .froin, turning rpupd j^ Axi§, 

jpoye the wQoden Frame about umfl .the 

' North and iiouth .Poipts of the Horizon lie 

' exaftly 
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«xfuCUym Uie Meridian ; tiben fight lines 
amagined to pais from the ^Qefltcf thro' each 
^af upon the Surface <)!l' jthe Globe, w3L. 
jKiint out therealStars in dte Heayens^whicSi 
4hofe on the Globe are n«ide to r^reient 
And if you are hy the Side of fome Wal^ 
.whofe Bearing.muknoWilay the QuadraoC 
^ Altitudfi to mit fiearmg in xhe Hon* 
-^n» andit.will cut^^U thc^e Stafs> whichat 
■that very Tii^ arc tp he feen in the ijame 
Dire£tion, or clofe by the £iide of the fui 
W-all. ThqB^no^wjtagfpnte of. the remark- 
flhlc Stars in any P^rt of the Heavens, the 
lifaghhouruis Stars may be diftinguiihed .1^ 
^bferving thetr Situation with rdpeA to 
thofe that are already kxk^WR^ and compa>- 
ring them with the Stars drawn imon the 
Globe. 

Thus, if your turn your Face towards the 
Korth, you will find ^e North Pole of the 
piobc points to the Pole-Star j then you 
may .pbferve two St^s fomewhat leis bri^it 
Ji\tza ,the F(4c-Starj almoft in a right Lme 
with it, -and fbpr more which f(»-m a -^xt 
ipf a ^tfadrmgUi thefe {cym Stars make the 
ConAellation called the LittU-Bear; the 
Pole Ster being in the Tip of the Tail. In 
xhii Neighbourhood you'Jl ohferve fevtn . 
bright Stars, which are commonly called 
piaries's JVane j the(e are the bright Stars 
in the Great BeflTj and do iocm much fuch 
another Figure with thdc befbre-mentiooed 
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ia£nK Little Bear : The twoforemoftofthc 
Square He altnoft in d right Line with the 
Pole Star, and are called the Pointers ; fo 
/ that kfiowing the Pointers, you may eafity 
Jind the Pole-Star. Thiis the reft of the 
jStars in this ConAellation, and all the Stars 
in the neighbouring Conftellations, may be 
raifily found, i^ obferving how tlfii unknown 
Stairs lie cither in ^adrangks, Triangles, or 
AiTut Lines, from thofe that are already 
known upon- the Globe. 

After the fame Manner the Globe being 
roflified, you may diHinguilh thofe Stars 
that are to ihie Southward of you, and be 
foon acquainted with all the Stars that are 
vifible in ouv Hemifphere. 

SCHOLIUM. 

■ The Globe being rcSified to the Latitude 
of any Place, if you turn it round its Axis, 
all thofe Stars that da not go below the Ho- 
rizon during a whole Revolution of the 
Globe, never fet in that Place ; and thofe 
that do not come above the Horizon never 
rife. : 

Pros. XXXVII. The Latitude of the Place 

being given ; to Jind the Amplitude ,- Oh' 

lique Afcenjhn ■ and Defcenfton, Afcen- 

. .fanal Difference, Semi-Diurnal Arch, 

• and the Time of Continuance above the 

lb. 
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Ihrisxn^ of any given Point in the "Heft' 
•oens. ' 

Haying redtified the Globe for the Lati- 
tude, and brought the given Point to the 
Meridian, fet the Index to the Hour of 12 } 
then turn the Globe until the given Point 
be brought to the Eaftern Side of the Hori- 
zon, and that Degree of the Equinodial 
which is cut by the Horizon at that Time, 
will be the Oblique Afcenjion ; and where 
the given Point cuts the Horizon, is the 
Amplitude Ortive : If the Globe be turned 
about until the given Point be brought to 
the Weftern Side of the Horizon, it will 
there fliew the Amplitude Occajive ; and 
where the Horizon cuts the Equinoctial at 
that Time is the Oblique Defcenfion. 

The Time between the Index at either of 
thefe two Pofitions, and thtf Hour of 6 ; or 
Half the Difference between the Oblique 
Afccnfion and Defcenfion is the Afcenfiond 
X)ifference. 

if the Place be in North Latitude, and the 

Declination of the given Point be-^ o *^^v V 
the Afccnfional Difference reduced into 

gives the Semi-Diurnal Arcb ; the Comple- 
ment whereof to a Semicircle, is the &- 
mi-NoSumal Arcb. If the Place be in 
South 
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South Latitude, then the contrary is to be 
obferved with refpeft to the Declination. 

ThcScmi.{Dj;^"„»;,^jArchbemg 
doubled, gives the Time of Continuance 
i'bd^* i '^* Horizon. Or the Time of 
Continuance above the HQrizon, may be 
found by counting the Nuojvber of Hours 
contained in the upper Part of the Horary 
Circle, betwixt the Places where the Index 
pfointcd when the given Point ' was in thp 
ISaftcrn and Weftem Parts of the Horizon. 
If the given Point was the Sun's Place, the 
Index poiiited the Tinu of his RiAng ^^^ 
Setting, when the faid Place was in the 
EafternandWcftern Pprtsofthe Hqfizon,a,s 
in Pro&. i8. Or the Time of Si|n-rifing 
inay be found by adding or fubtrac^ing his 
Afcenfional Difierence, to or from th^ 
Hour of Six, according as the Ljatitude and 
Declination are either contrary or the fame 
Way. 

Thus, at London, on the 31ft of My, 
the^a/»'* 

Am0tude is 24 Degrees Northerly. 

Oblique Afcenfwny 2q. 

Oblique Defcenfiotiy 58. 

Afcenfional Differ(ncej 1 5. 

Semidiurnal Arci>, lag. 

His Continuance above du Horizon, 144 
Hours. 

Sun 
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Sun rifes at three Quarters paft Four. 

Sun fets at a Quartcrpaft Seven.' 
■ Thefe Things for the Sun vary every 
Day ; but for a fixed Star the Day of the 
Month need not be given, for they are the 
fiimeall the Year round. 

In the Latitude of 51 ^ North, Syrim's 

AmpHtudeh about 2K Degrees Southerly. 

Oblige A fcet^on^ 121. 

Obliqite Defeenfion^ 75. 

Afcenjional Difference^ z^. 

Semidiurnal Arcb, 67. 

Continuance above the Horizon, 9 Hours. 

Prob.XXXVIII. The Latitude and the Day 
of the Month being^'ven j tojindtbe Hour 
•when any known Star 'wiH be on the Me* 
ridioHt and al/b the Time of its Rifng and 
Setting, 

Having rectified the Globe for the Lati- 
tude of the Sun's Place, bring the given 
Star to the Meridian, and alio to the Eaft or 
Weft Side of the Horizon, and the Index ■ 
will fliew accordingly when the Star cul- 
mnates^ or the Time of the Rifng or Set- 
ting. 

Thus, at London, on the 2 ift of Janu- 
ary, Syrius will be upon the Meridian at a 
Quarter paft Ten in the Evening, rifes at 
5 -f Hours, and fets at three Quarters paft 
Two in the Morning. 
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By the ConVerfc of this Problem, know- 
ing the Time when any Star is upon the Me- 
ridian, you may eafily find the Sun's Place. 
Thus, bring the given Star to the Meridian, 
and fet the Index to the given Hour ; then 
turn the Globe till the Index points to i2 
at Noon, and the Meridian will cut the Sun 's 
Place in the Ecliptic. Thus when Byrius 
comes to the Meridian at i o f Hours after 
Noon, the Sun's Place will be ^ J ^ Deg. 

Pkob.^XXIX. rofindatwbat Time of the 
Tear a grven Star will be upon the Meri- 
dian, at a given Hour of the Night. 

Bring the Star to the Meridian, and fet the 
Index to the given Hour, then turn the Globe 
till the Index points to i z at Noon, ' and 
the Meridian will cut the Ecliptic in the 
Sun's Place ; whence the Day of the Month 
may be eafily found in the Calendar upon 
the Horizon. 

Prob. XL. TA? D^ of the Month, and the 
jizimuth of any known Star being given j 
to fnd'tbe Hour of the Night, 

Having rcftified theGbbefor the Lati- 
tude and the Sun's Flace, if the given Star be 
due North or South, bring it to the Meri- 
dian, and the Index will (hew the Hour of the 
Night. U the Star be in any other Dir^dion, 
fix 
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fix the Quadrant of Altitude in the Zenith, 
and fet it to the Star's Azimuth in the Hori* 
zon i then turn the Globe about until the , . 
Quadrant cuts the Center of the Star, and 
the Index will fhew the Hour of the Night. 

The Bearing of any Point in the Hearens 
may be found by the following Methods. 

Having a Meridian Line drawn in two 
Windows, that are oppofiteto one another, 
you may crofs it at right Angles with anor 
thcr Line rcprefenting the Eaft and Weft ; 
from the Point of ]nterfe£lion defcribc a 
Circle, and divide each Quadrant into 90 
Degrees ; then get a fmooth Boards of about 
2 Feet long, and ^ Foot broad, (ipore or 
lefs, as you judge convenient) and on the 
back Part of it Bx another fmall Board 
croffways, fo that it may ferve as a Foot to 
fupport the biggeft Board upright, when it 
is fet upon a Level, or an Horizontal Plain. 
The Board being thus prepared, fet the low- 
er Edge of the fmooth, or fore Side of it, 
clofe to the Center of the Circle, then turn 
it ^bout to the Meridian, or to any Azimuth 
Point required (keeping tlie Edge of it al- 
ways dole to the Center) and camng your 
Eye along the flat Side of ir, you'll eafily 
perceive what Stars are upon the Meridian, 
or any other Bearing that the Board is fet 
to. 

PROB. 
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PjtoB. XLI. ttm kmwn Stars having the 
fame ABintutb^ or fbe fame Height, being 
given i to find the Hmr of the Night. 

Reflify the Globe for the Latitnde, the 
Zenhh, and the Sun's Place. 

1 . When the two Stare are in the Uxaa 
Aznnuthi turn the Globe* and alfo the , 
Quadrant about, unttt both the Stars coin- 
cide with the Edge thereof j then will the 
Index ftiew the Hour of the Night j and 
where the Quadrant cats the Horizon^ is tlR 
common Azimuth of both Stars. 

2. If the two Stars are of the fiune Af- 
titude> move the Globe fo that the fame De- 
gree on the Quadrant wUF cut both Stars', 
then the Index will fiiew the Hotrr. 

This Problem is ofefiil when the Qbain- 
tity of the Azimuth of the two Stars in die 
iirftCafe, ordf their Altitude in the latter 
Cafe, is not known. 

If two Stars teeregrveni one on thrMerr- 
dian, and the other in the Eafi or Weft 
Part of the Ihrizon j to find the Lati- 
tude. 

Bring that Star which was obferved on 
the Meridian, to the Meridian of the Globes 
and keep the Globe from turning round its 
Axis j then Aide the Meridian up or dovm 
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in the Notches, till the other Star u huoa^it 
to the Eftft or Weil Part of the Horizoo, 
and that Elevation of the Pole will be the 
Latitude fought. 

PROB. XLII. The Latitude^ Day of the 
Months and the Altitude of any known 
Star being given j to ^nd the Hour of the 
Nigbt. 

ReSify the Globe £>r the Latitude* Ze- 
nith, and Sun's Place: Turn the Globe, and 
the -Quadrant of Altitude, backward or for- 
ward, till the Center of that Star meets the 
Quadrant in the Degree of Altitude given ;> ' 
then the Index will point the true Hour oi 
the Night ; and alfo where the Quadrant 
cuts the Horizon, will be the i^igrath of 
die Star at thatThne. 

J/ the Latitude^ Sun's j^titude, and hit Da^ 
cUnation (inftead of bis Place in the EcKf* 
tic) ere given j to find the Hmroftbe Day^ 

' and Azimuth. 

Reaify the Globe for the Latitude and 
Zenith, and having bronght the Equiw^al 
Cohire to the Meridian, fee the Index to 12 
at Noon ; which being done, turn the Globe 
and the Quadrant, until the ^ven Declins-r 
tion in the EquinoAial Colure cuts the 
Altitude on the Quadrant i then the Index 
L wiU 
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win fliew the iSbur of the Day, and tlie 
Q^raDt cut the jizimutb in the Horizon. 

2J the Altitude of two Stars on the fame Asu- 
nuttb, ivere given i to Jind the Latitude bf 
the Place. 

: Set the Quadrant over both Stars at the 
obferved Degrees of Altitude, and .keep it 
i»& upon the Globe with your Fingers } 
thea Aide the' Meridian up or down in 
the Notches, till the Quadrant cuts the 
giTcnAzimuth in the Horizon } that £le- 
vadba'of the Pole ^viU be the Latitude re- 
quired., 

PRDB.XLIII. Having the Latitude of /Be 
'- Placii ta\Jind the. Degree of the Ecliptic^ 
lebicb rifes or fets with a given ,Star ; and 
jrom thence to determine the Time of its 
-iQ>imic«t^A^ Achtoiiical Rifiagand Set' 
'ting. 

Having reSified the Globe for the Lati- 
tude, bring the given Star to the "Eaftcrn 
Side of the Horizon, and mark what De- 
gree of the Ecliptic rifes vnth it ; Look 
K>r that Degree in the Wooden Horizon* 
and right againft it, in the Kalendar, you'll 
6nd the Month and Day when the Star rifis 
Cefirticaii^. If you bring the Star to the 
Weftern Side of the Horizon, that Degree 
of 
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of the Ecliptic which rifes at that TinK^ 
will give the Day of the Month when the 
faid Star/e/s Cpfmicatly. So HkcwiTe againft 
the Degree which fets wjth the Star, you-'lj 
find the Day of the Month of the Achronical 
Setting i and if you bring ic to the Eaftera 
Part of the Horizon, that Degree whijch fets 
at that Time will be the Sun's Place, ,whea 
the Star rifes Acbronicaliy. 

Thua, in the Latitude of Lpnifon, Syriuf-^ 
or the Dog-Star J rifes Cofmicaliy thcioth of 
Angufi^ and fets Cofmicaliy the loth of 
O^ober. AideBaran, or the BulFs Eye^ 
rifas Acbronicaliy on thc22d of May,^ and 
fets Acbronicaliy on the 19th of December. 

PRDB. XLIV. iiaviTigtbe Latitude of tbe 

FlacCy to find tbe Time when a Star rifes 

, flnfl!y?/j Heliacally* . ■ 

Having reflificd the Globe for the Lati- 
tude, bring the : 
the Horizon, and 
to the Weftern i 
in twelve Degre< 
Horizon^ if the £ 
tilde i then that \ 
is cut by the Quai 
. above the Weftern Part of the Horizon, 
when the Star rifes ; but at the fame Time 
the oppolite Point in the Ecliptic is i3 
L 2 t>c- 
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©egrecs below the Eaftcm Part of the Hdri-* 
zon, which is the Depreffion ot' a Star of 
the Jirfi Magmtude^ when Ihc rifti Helia- 
ca&fi or has got fo far from the Sun's 
Beams, that Hie may be feen in the Morn- 
ing before Sun-rifing. Wherefor* !ook for 
the faid Point of the Ecliptic on the Hori- 
zon, and right againfl it will be the Day of 
the Month when the Star rifes I^Hacalfy. 
.To iind the Heliacal Setting, bring the Star 
to the Weft Side of the Horizon, and tarn 
the Quadrant about to the Eaftern Side, till 
the J ztb Degree of it above the- Horizon, 
cuts die Ecliptic } tlien that Degree of the 
Ecfiptic which is oppofite to this Point, is 
ttie Sun's Place when the Star /<^s Helia- 
colly, 

' 'Thus you'll find that jfrSiurm rifes He- 
liacallythe 28th oi Septemher , and fet&He- 
liacally December the zd. 

■ ^ PkoB.XLV. To Jindibe Place of any Pla- 
net upon the Ghh } andfe by that Means, 
'- to find Hi Place in the Heavens : Alji to 
'\findat "what Hour at^ Planet "mil r^ or 
'.fit, or be on the Meridian at any one D^ 
'rin.tbeTear. '■ ■ 
^ ■ '.. ■ : . ' - 

You muft fif ft ftek m an Ephemeris, 

lWhhe'% Ephemcris will do Well enough) 

Ar, tlic Place of the Planet propofed on ui^ 

^fi then mark that Point of the Ecliptic, 

dther 
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either with Chalk, or t^ fticking on a little 
black Patch ; and then iot- that Night you 
may perform any Problem, as before, by a 
Fixed Star. 

Let it be required to find the Situation of 
'Jupiter among the Fixed Stars in the Hea- 
vens, and alfo whenabouts it rifes an^ fets, 
and comes to the Meridian on the 19^ of 
iWiiy, 1757, N. S. «* T »t,At,n 

Looking fbrthi 
Wbite'z Epbemerisy 
at that Time is in 
Latitude about J 
looking for that ] 
Globe, I find that 
juot^on wkh the t 
Balance, and aboul 

To find when b 
to the Meridian : 
Patch on the Placi 
Globe according tc 
brought the Sun's 
iettbe HQUT'Iode 
turning the Mar 
jf«^>£r,to thcEafl 
1 find » will rife f( 
an Hour after Thn 
turning the Globe . 
the Meridian a littl 
and fets almoft a 
ftrforning. 

, L 3 ■ 'This 
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■'^This Example teingundcrftood, it will 
iSitefrffy'tofindwheri.eitherof the othertwo 
Ibpcriftt Planets, v/z.Aforj and5fl/«r», fife,' 
^t, and come to the: Meridian. 
'' l^ljialiconclad? this Subje<a about the 
C-iot'es'with the fblVowing Problem. 

PioK.XLVr. To find all that Space upon the 
. Earth, where ' an Eelipfe of one of the Satel- 
^'^lUp of Jupiter ■»•;■?/ fc vifible. 

cuponthfc Earth, 
cal,'atthe Time 
. I ^.elevate the 
ititudi; of'thefaid 
:e to the Meridian, 
.12 at Noon. If 
c of the Sun, draw 
or'the'like, along 
rtzon, which Line 
*)aces where the 
le ; then count the 
ight Afcenfion of 
Her, and turn the 
riour-Index points 
keep the Globe 
\xis, and elevate 
;o the Declinatiorf 
bein^ in this Po- 
j the Eaftern Sid© 
pf the Horizon j then the Space between 
tjii? ^in?» ^P'^ the Lii^e before drawn, will 
' ■'■ - compr?-* 
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comprehend all thofe Places of the Earth 
where Jupiter will be yifiblc, from the fct- 
ting'of the Sun, to the fetting of Juptitr. 

But if Jupiter be in Antecedence, of the 
Suo (i. e. riles before him) having brought 
the Place where the Sun is Vertical, to the 
Zeohh, and put the Hour Index toriz at 
NDon^ draw a Line on the Wefterh Su|e of 
jthe Horizon j then elevate the Ololfe ac- 
cording to the Declination of ^upttitt znd. 
turn it about 'Eaftward^, until the Iddex 
points to fo many Hours diftanl from Noon, 
as is the Difference of Right ATccnfion of 
the Sun and Jupiter. The Globe being in 
this Portion, draw a Lane along the Weftera 
Side of the Horizon ; then the Space con- 
tained between this Liiie, and the other laft 
drawn, will comprehend all thofe Places 
upon the Earth where the Eclipfe is vifible, 
between the rifing of the Sua and that of 
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ySsDfiSCRIPTION oftheGreat 
pRRERY, lately made By Mr, 
Thomas WRtoHt, Mathematical 
Inftrument Maker to His Ma* 

.; .j'Esty.. 



H E Orrery is an Aftrono^ 
mical Machine, made to re- 
prefent the Motions of tho 
Planets. Thefc Machines afe 
made of various Si^es, foftio 
having more Planets thah 
othere j bat I fliall here confine niyfelf to 
thcDefcription of that above mentioned. 

In the Introdu<ftion we gave a fliort Ac* 
count of the Ordtr, Pertodiy Diftances, and 
Magnitudes of the Primary Planets j and 
of the Dijlances and Periodical Revolutions 
of the Secondary Plants round their refpec- 
tive Primaries. We (hall here explain 
their Stations, Retrogradations, Eclipfes, and 
Pbafes, &c, but firrt let us take a gejieral 
Ykvf of the Orrery. 

Tho 
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grpc pf XAtitudc upon the North Part of 
the 
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The Frame which contains the Wlieel- The De- 
Work. &c. that regulate* the whole Ma^- ^Xol- 
tbine^ is made of fine Ebony, and is near mj. 
four Feet in Diameter } the Outfide thereof 
is adorned with twelve PilaAers, curioufly 
wroughtand gilt: Between thefe Filafters 
the twelve Signs of the Tiodiac arc neatly 
painted, with gilded Frames. Above the 
Frame is a broad Ring, fupported with vide 
twelve Pillars : This Ring reprefents the ffw/- 
JPlatie of the Ecliptic, upon which there ^'' 
ore. two Scales of Degrees, and between 
th^ the Names and Charat^ers of the iz 
Signs. Near the Outfide is a Scale of 
Months and Days, exactly correfponding 
to the Sun's Place at .Noon, each Day 
throughout the Year. 

AtK>ve the Ecliptic fland fome of the 
ptinciful Circles of the Sphere, according 
totheir rcfpc£tive Situations in the Heavens, 
tw'je. N^ 10, are the two Cobires, divided 
into Degrees and Half-Degre/s: N° ii, is 
one Half of the Equinoftial Circle, making 
en Angle with the Eciipiic of 23 4. Degrees. 
The Tropic of Cancer, and the ^Sic Cir- 
.dci are each fixed parallel, and at their pro- 
per Diflance from the Equino<^ial. On the 
Northern Half of the Ecliptic is a Brafs 
Semicircle, moveable upon two Points fixed 
in T and # : This Semicircle ferves as a 
moveable Horizon, to be put to any Dc- 
^ec of Latitude upwi the North Part erf" 
, the 
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the Mertdkn. The whole Machine is al(b ib 
contrived, as to be fet to an^ Latitude, with- 
out in the leaft affecting any of the infide 
Motions : For this Purpoie there are two 
ftrong Hinges (N'. 13.) fixed to the Bottom 
Frame, upon which the Inftrumcnt moves, 
and a flrong Brafs Arch, having Holes at 
every Degree, thro' which a ftrong Pin is to 
be put, according to-thc Elevation. This 
Arch and the two Hinges fupport the whole 
Machine, when it is hiked up according to 
any Latitude; and the Arch at otherTimeS 
Jies conveniently under theBottom Frame. 
■_ > When thcMichine is fet to any Latitude, 
(which is cafily done by two Men, each 
taking hol4 of two Handles conveniently 
fixed for that Purpofe) fet the moveable 
Horizon to the fame Degree upon the Me- 
ridian, and you may form an Idea of the 
refpeflivc Altitude, or Depreffions of Ae 
Planets, abdve> or below the Horizon, ac- 
. cording to thar refpedtivc Pofitions, with 
Regard to the Meridian. 

Within the Ecltpfic, and nearly in the 
fame Plane thereof, Hands the Sun, and all 
tl>e Planets, both Primary and Secondary. 
.The Sun (No i.) ftands in the Middle of the 
whole Syftcm upon a Wire, making an 
Angle with the Plane of the Ecliptic, of 
about 82 Degrees ; which is the Inclination 
of the Sun's Axis, to the Axis of the Eclip* 
cic.^ Nextthe'Sun isafmall Ball (No 2 
. . repre-. 
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reprefenting Mercury : Next to Merttay Is 
i'/««(N*' 3.) reprcrentcd by a lai^ger ^ll» 
(and both thefe ftand upon Wires, fo ihat 
the Balls tbemfelves may be more vifibly 
percdvedbytheEye.) The Earth is reprc- 
fented (N''4.) by an Ivory Ball, all having 
fomeoftfae principal Meridians and Paral- 
kts, and a little Sketch of a Map delcribed 
upon it. The Wire which fupports the Earth 
makes an Angle with the Plane of the E- 
cliptic of 66 f Degrees, vtfhich is the Incli- 
nation of the Earth's Axis to that of the 
Ecliptic. Near the Bottom of the Earth's 
Axis is a Dial-Plate (N" 9.) having aa In- 
dex pointing to the Hours of the Day> as the 
Earth turns round its Ajtis. 

Round the Earth is a Ring, fopportedby 
two fmall Pillars, which Ring reprefents 
the Orbit of the Moon, and the Diviiion 
upon it anfwers to the Moon's Latitude ; 
the Motion of diis Ring rejtfefcnts the Mo- 
tion of the'Moon's Orbit, according to that of 
the Nodes. Within this Ring is the Moon 
(N" 5.) having a black Cap or Cafe, which, 
by its Motion, reprefents the Fhafes of the 
Moon according to her Agie. Without the 
Orbits of the Earth and Moon is Mars 
{N" 6.) The next in Order to Man lijupi- 
pter, and' his four Moons, (N* y) j each 
of thefe Moons is fupported by a crooked 
Wire fixed in a Socket, which turns about 
th? Pillar that fupports Jupiter. Thefe Sa- 
tellites 
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ttUkes txitf be tuittied by the Hand (b my 
Pofition } and yet when the Mftchioe is put 
in Motion, they'll all move in their proper 
Times. The outermoft of all is Saturn^ 
aod his five Moons (N° 8.) Thefe Moona 
are fupported and.contrived after t^e lame 
Maoner with thofe of Jupiter. The whole 
Machine is pat into Motion bf turning % 
finaU Winch, (like the Ker ^ a Clocks 
N» 14) J and all the infide Work is^ fo truly 
wrought, that it requires but a very fmalL 
&rength to put the Whole in Motion. 
' Above the Handle there is a Cylindrical 
Fin, nrhich m&y be drawn 4 Utcte out, or 
pnfbed in at Figure : Whenitisputbedin, 
all the Planets, both Prin^ary and Secondary, 
wilt move according to their refpedlive Pe- 
riods, hy turning tne Handle : When it n 
dntwn out, th6 Motions of the Satellites of 
Jt^t^ and Saturn will be ilopped, whBe 
all the re£t move without Interruption. This 
b. a. very good Contrivance to preferve tha 
Inftnunent from being clogged by the fwift 
MoticHis of the Wheels belonging to the 
, Satellites of Jupiter and Saturn^ when the 
Motions of the reft of the Planets are only 
confidered. 

. There is alfo a Braft Lamp having two 
CoBvex GU0es, to be put in the Room of 
Ae'SuHj andalibafmatler Earth andMooD^ 
mode fomewhat in Proportion to their Di- 
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ftftnce irom each others wbich may be pot 
on at Pleafnrc. 

The Lamp turns round in the lame Time 
with the Earth, and by Means of the Glares 
calls a llrong Light upon her 1 and when . 
the rpialler Earth and Moon are placed <», 
it will be eafy to Ihew when either of them 
may be edipied. 

Having thus given a brief Defcription of 
the outward Fart of this Machine^.I ihdl 
next give an Account of the Phsnomena 
explamed by it when it is put into Motion. 

I. Of the Motiom of the Phneis in ge* 
neraL 

Having put on the Handle, pufli in. the 
Pin which is jnft above it, and place a lipall 
black Patch (or Bit of Wafer) upon the 
Itliddle of the Sun (for Inlblace) right a,- 
gainftthe firft Degree of f \ you may ollb 
place latches upon Venuij MJgrst and ^^ 
piter^ right againll fome noted Point in tho 
Eclipde. If you lay a Thread from the Sun 
to the firft Degree of v > you may fet a MaHc 
where it interfeds the Orbit of each Planet, 
and that will be a Help to note the Time 
of their Revolutions. 

One entire Turn of the Handle anfwert 

to the Diurnal Motion of the Earth round 

her Axis, as may be feen by the Motion of 

the Hour-Index which is placed at the Foot 

of 
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of the W]t% on which the Tcrella is fixeii^i. 
When the Index has moved the Space of ten 
Hours* you may obferve that Jupiter .has 
made one Revolution compleat round its 
Axis ; the Handle being turned until the 
Hour-Index has palTed over 24 Days 8 
HcHirs, will bring the Patch M^n.Venus to 
its former Situation with rcfjica to the E- 
dipticy which Ihews that I has made one 
entire Revolution round her A:ns. Mars 
makes one compleat Revolution round his 
Axis in 24 Hours and about 40 -Minutes^ 
' When the Handle is turned 25 f- Times 
round, the Spot upon the Sub will point to , 
the fame Degree of the Ecliptic, as it did 
when the Inilrument was firft put into Mo- 
don. By obferving the Motions of the Spots 
upon the Surface of the Sun, and of the 
Planets in the Heavens, their Diurnal Mo- 
tion was difcover'd, after the fame Manner 
as we do here obferve the Motions of their 
Reprefentatives, by that of the Marks placed 
upon them. 

If while you turn the Handle you obferve 
the Planets, you will fee them perform their 
Motions in the feme relative Times as they 
really do in the Heavens, each making its 
Period in the Times mentioned in the Ta- 
bles, Page 24, 27 f Turns of the Handle 
will bring the Moon round the Earth, which 
is called a Periodic Month, and all the while 
fhe keeps thefitme Face towards the E^th ; 
for 
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for the Moon's Annual and Diurnal Mo- 
tion are perfonn'd both in the fame Time 
n«trly, lo that we always fee the fame Face 
or Side of the Moon. 

If before the Infirument is put into Mo- 
tion, the Satellites of Jufnter and Saturn 
be brought into the fame right Line from 
their re^cftivc Primaries, you'll fee them 
as you turn tbe Handle, immediately dif- 
pcrs'd from one another, according to their 
different Celerities. Thus one Turn of the 
Handle will bring the firft of yufiiier's 
Moons about f Part round yupiier, while 
the fecond has defcribed but f Part, the 
third but about -f, and the fourth not quite 
tV P^t» each of its refpeftive Orbit, If 
you turn the Handle until the Hour-Index 
has moved 1 8 i Hours more, the firft: Satel- 
lite will then be brought into its former Po- 
fitton, and fo has made one entire Revolu- 
tion ; the fecond at the fame Time will be 
almoft diametrically oppofite to the firft, 
and fo has made a little more than Half of 
one Revolution } the others will be in dif- 
ferent Afpeds, according to the Length of 
their Periods, as will be plainly exhibited 
by the Inftrumcnt. The fame Obfervations 
may be made with refpe<^ to the Satellites 
of Saturn. 

The Machine is fo contrived, that the 

Handle may be turned either Way % and if 

before you put it into Motion, you obferve 

the 
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the ktptQ. (or Situation with refpe^ to «ach 
other) of the PlaDcts, and then turn the 
Handle round any Number of Tinies ; the 
fame Number of Revolutions being made 
backwards, will bring all the Planets to their 
former Situations. I Ihall next proceed to 
Particulars. 

Of the Statiom and Rftrogradatioas of the 
Planets. 

The Primary Planets, as they all turn 
round the Sun, at difierent Diftances, and 
in different Times, appear to us fcom the 
Earth to have different Motions ; as fome- ' 
times they appear to move from Weft to 
'Eaft according to the Ordef of the Signs, 
which is called their dire^ Motim j uen 
by Degrees they ^cken their Pace, until at 
laft they loie all their MotioD and become 

SiatitBOTf. Stationary, or not to move at all ; that is, 
they appear in the iame Place with refped 
to the fixed Stars for fome Time together; 
after which they again begin to move, but 
with a contrary Dire^on, as from Eafl:. to 

Sitngradt Weft, which is called their retrograde Me- 

a^Pk»!tf ''"" ' *^^^" "S^" *^^y become Stationary, 
and afterwards realTume their dired Motion. 
The Reafon of all thefe Appearances is very 
evidently (hewn by the Orrery. 

I. Of 
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0/ tie Sfaiiom_, &c. cf the inferior 
Planets. 

We {hall inftance in the Planet Mercnr^^ 
becaafe his Motion round the Sun differs 
more from the Earth's than that of Venm 
does. 

'. When Mkrcury is in his fuperror Con- 
junftion (or when he is in a direct Line from 
the Earth beyond the .Sun) ftften a String 
abdut the Axis of the Earth, and extend it 
b?er Merchry to the Ecliptic ; thni turning 
the Handle, keep the Thread all the while 
extended o^^er jf, and you'll find it naove 
with a drrcft Motion in the Ecliptic, but 
continually flower, until Mercury has the 
greatcft Elongation from .the Earth. Near 
this Pofition, the Thread for fome Time 
will lay over Mercury without, being mov'd 
in the Ecliptic, tbo' the Earth and Mercury 
both continue their progrcffive Motion la 
their refpedtive Orbits. When Mercury has 
got a little jftaft this Place, you'll find the 
Thread muft be moved backward in the E- 
cliptic, beginning firft with a flow Motion, 
and then iaftcr by Degrees, until Mercury is 
in his inferior Conjuniftion, or diredly be- 
twixt the Earth and the Suti. Next this Pofi- 
tion of 8, hisretrograde Motion will be the 
fwifteil ; but he flill moves the ^me Way, 
xho' continually flower, till he has again 
' M come 
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come to his greateft Elongation, where he 
will appear the fecond Time to be iUtiona- 
ly ; after which he begins to move forward, 
and that fafter by Degree;, until he is come 
to the fame Poiitioa with Refpe£t to ^e 
Earthi.that he was in at iirft. The fame 
pVicrvations may be made relating, to the- 
Motions of Fenus. In like Manner the. 
different Motions^ obferved in the .fuperior 
Planets may be alfp explained by the Orrery, 
If you extend the Thread over Jupiter ^ aM. 
proceed after the fame Manner as before we 
did in. regard to Afirrfwry, you'll find that, 
frpm tfae Time Jufnier is in Conjunction 
with .the Sun, his Motion is direct, but 
continually flower, until the Earth is nearly, 
in I a Quadrate Afpeft-.with Jupiter j near^ 
which Pofition Jupiter feems to be ftati- 
boary-: After which he beginslo move, and 
^ .cpptinually mends his Pace^ until he 
comes in Oppofition i;o the Sun, at which 
■Jime his> retrograde Motion is. fwiftcft. He 
itill feems to go backward, but with a jQower 
Pacei, till the Earth and he are again in- a • 
Quadrate Afbeifl, where Jupiter feems to 
have )oft all hia Motion ; after wliich he 
. again refumes hJs direct Motion, and.fo pro- 
ceeds/afterby Degrees, till the Ear tk and. 
he are agajn in Oppofition to each other. \ 

. Thpfq different Motions abfefved in the 
Plan 3. P-lanets, are eafily illuftrated, as foijoweth 1 
"'i '■ The iefler Circle round the Sun is the Orbit 

'". . ■ • ■■ of 
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of Mercury, in which He performs his Re* 
volution round the Sun in about three 
Months, of while the Earth Js going thro' 
^ Part of her Orbit, or from A to N. The 
Numbers i, 2, 3, ©"c. in the Orbit of Mer^ 
cury (hew the Paces he defcribcs in a Week 
nearly.and the Diftances AB, BC, CD, ^c. 
in the Earth's Orbit, do Hkewife fhew her. 
iVIotion in the fame Time. The Letters 
A, B, C, Gfc. in the great Orb, arc the Mo- 
tions of Mercury in the Heavens, as they 
appear from the Earth. Now if the Earth 
be fuppofed in A, and Mercury in 1 2, near 
his fuperior Conjunftion with the Sun j a 
Spei^tor on the Earth will fee if, as if he 
were in the Point of the Heavens: A ; and 
while S is moving from 12 to i, and from 
1 to 2, ©*£■. the Earth in the fame Time alfo 
moves from A to B, and from B to C, ©<r. 
All which Time 8 appears in the Heavens 
to move in a dire<ft Motion from A to B, an4 
from B to C, ©c. but gradually flower, un- 
til he arrives near the Point G ; near which 
Place he appears ftationary, or to ftanditill % 
and afterwards (tho' he Aill continues to 
move uniformly in his own Orbit, with ^ 
progreflive Motion) yet in the Sphere of th^ 
fix'd Stars he'll appear to be retrograde, or to 
go backwards, as from G to H, frpm H to 
I, Sfi". until he has arrived near the Point L, 
where again he'll appear to be ftationary ; and 
M 2 aftcr- 
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afterwards to move in a direft Motion from 
L to M, and from M to N, G'c 

What has been here {hewed cprrcerning 
the Motioffs of Mercury , is alfo to be un- 
derftood of the Motions of Venus j but the 
Conjunftionsof A'cBttj with the Sun do not 
, happen Co ofteh as in Mercury ; for Venus 
moving in a larger Orbit, and much flower 
than Mercttry, does not fo often overtake 
the Earth. But the Retrogradations are 
much greater in Venus than they are in Mer- 
cury, for the fame Reafons. 
Fig. z. The inncrmoft Circle rcprefents the 

Earth's Orbit, divided into 1 2 Parts, anfwer- 
ing to her monthly Motion ; the greateft 
Circle is the Orbit of Jupiter, which he de- 
fcribes in about 1 2 Years ; and therefore the, 
XT thereof, from A to N, defines his Mo- 
lion. In one of our Years nearly, and the 
intermediate Divisions, A, B, C, &c. his 
monthly Motion. Let us fuppofe the Earth 
to be in the Point of her Orbit 12, and Ju- 
piter in A, in his Conjuniflion with the 
Sun i it is evident that from the Earth Ju- 
piter will be feen in the great Orb, or in 
the Point of the Heavens A, and while the 
Earth is moving from 12 to i, 2, &c. V al- 
fo moves from A to B, C, Gff. all which 
Time he appears in the Heavens to move 
with a direct Motion from A to B, C, Gff. 
until he comes in Oppofition to the Earth 
near the Point of the Heavens £, where he 
appears 
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appears to be ftationary j after which "^ 
again begins to move (tho* at iirft with a 
flow Pace) from E through F, H, T^ to K, 
where again he appears to ftand ftill, but af- 
terwards he reaflumes his direft Motion 
from I thro' K, to M, &c, 
' From the CooftrudioD of the preceding 
Figure it appears, that when the fuperior 
Planets arc in Conjundion with the Sun, 
their direft Motion is much quicker than at 
other Times ; and that becaufe they really 
move from Weft to Eaft, while the Earth 
in the oppofite Part of the Heavens is carried 
the fame Way, and round the fame Cen- 
ter. This Motion afterwards continually 
flacfcens, until the Planet comes almoft in 
Oppofition to the Sun, when the Line join- 
ing the Earth and Planet, will continue for 
fome Time nearly parallel to itfelf, and fo 
the Planet feems from the Earth to ftand 
ftill ; after which, it begins to move with a 
flow Motion backward, until it comes into 
a Quartile Afped with the Sun, when 
again it will appear to be ftationary for the 
above Reafons ; after Chat it will refume its 
direct Motion, until it comes into a Con- 
jundion with the Sun, then it will proceed 
as above explained. Hence it alfo appears, 
tliat the Relrogradations of the fuperior 
Planets are much flower than their direct 
Motions, and their Continuance much fliort- 
er i for the Planet, from its laft Quarter, 
until it comes in Oppofition to the Sun, ap- * 
M 3 pears 
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pears to move the fame Way with the Earth, 
by whom it is then overtaken : After which 
it begins to go backwards, but with a flow 
Motion, bccaufe the Earth being in the 
fame Part of the Heavens, and moving the 
fame Way that the Planet really does, the 
apparent Motion of the Planet backwards 
muft thereby be leflened. 

What has been here faid concerning the 
Motions of Jupitery is alfo to be under- 
ftood of Mars and Saturn. But the Ristro- 
gradations of Saturn do oftner happen than 
thofc of fupiter, becaufe the Earth oftner 
overtakes Saturn ; and for the fame Reafon, 
the Regreflions oijupiter do oftner happen 
than thofc of Mars. But the Retrograda- 
tions of Mdrj are much greater than thofc 
of "Jupiter y whofe are alfo much greater than 
thofe of Saturn. 

In cither of the Satellites of Jupiter or 
Saturn, thefc different Appearances in the 
neighbouring Worlds -are much oftner feen 
than we do in the Primary Planets. 

We never obferve thefe different Motions 
in the Moon, becaufe the turns round the 
Earth as her Centre ; neither do we obferve 
them in the Sun, becaufe he is the Centre 
of the Earth's Motion ; whence the appa- 
rent Motion of the Sun always appears the 
f?me Way round the Earth. 
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'Of the Annual and Diurnal Motion of the 
Earth, and of the Increafe and Decreafe of 
Days and Nights, 

The Earth, in her Annual Motion-round 
the Sun, has her Axis always in the fame 
DircSion, or parallel to itfelf; that is, if a 
Line be drawn parallel to the Axis, while 
the Earth is in any Point of her Orbit, the 
Axis in all other Poiitions of the Earth 
will be parallel to the ikid Line. This Pa- 
rallelifm of the Axis, and the fimple Mo- 
tion of the Earth in the Ecliptic, folvesall 
the PhEenomena of different Seafons. Thefe 

■ Things are very well JUuftrated by the Or- 

-rery. 

If you put on the«Lamp in the Place of 

■the Sun, you will fee how one Half of our 
Globe is always illuminated by the Sun, 

- while the other Hemifphere remains in 
Darknefs ; how Day and Night are form'd 
by the Revolution of the Earth round her 
Axis J for as ihe turns from Weft to Eaft, 
the Sun appears to move from Eaft to Weft. 
And while the Earth turns in her Orbit, you 
may obferve that her Axis always points the 
fame Way, and the fevcral Seafona of the 
Year continually change. 

To make thefe Things plainer, we will 
take a View of the Earth in different Parts 

- of her Orbit. 

M 4 Whea . 
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When the'Earth is in the firfl: Point of 
Li^a (which is found hy extending a 
Thread from the Sun, and over the Earth, 
to the Ecliptic) we have the VermlB^uinox, 
and the Sun at that Time appears in the 
firft Point of V. In this Pofitlon of the , 
Eiuth, the two PoleB of the World are in 
the Line feparating Light and Darknefs ; 
and as the Earth turns round her Axis, juil 
otMf Half of the Equator, and all its Paral- 
lels, will be in the Light, and the other 
Half in the Dark j and therefore the Days 
and Nights muft be every where equal. 

As the Earth moves along in her Orbit, 
you'H perceive the North Pole advantxs by 
Degrees into the illuminated Hemifphere, 
and at the fame Time the South Pole re- 
cedes into Darknefs \ and in all Places to 
the Northward of the Equator, the Days 
continually lengthen, while the contrary 
happens in the Southern Parts, until at 
length the Earth is arrived in Capricorn. In 
this Polition of the Earth all the Space in- 
cluded within the Arctic Circle falls 
wholly within the Light, and all the op- 
pofite Part, lying within the Antar^ic 
Circle, is quite involved in Darknefs. In 
all Places between the Equator and the 
Arftic Circle, the Days are now at the 
longeft, and are gradually longer as the 
Places arc more remote from the Equator. 
In the Southern Hemifphere thereisa con- 
trary 
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. trary Effeft. All the while the Earth is tra- 
velling from Capricorn towards Aries, tfae 
North Pole gradually recedes from the Ltght» 
and the South Pole approaches nearer to it ; 
the Days in the Northern Hemifphcre gra- 
dually decreafe, and in the Southern Heuu- 
fphere they increafe in the fame Proportion, 
until the Earth be arrived in t j then the 
two Poles of the World lie exadtly in the 
Line feparating Light and Darknefs, atld 
the Days are equal to the Nights in all 
Places of the World. Aa the Earth advances 
towards Cancer, the North Pole gradually 
recedes from the Light, while the Southern 
one advances into it, at the fame Rate. In 
the Northern Hemifpherc the Days decreafe, 
and in the Southern one they gradually 
lengthen, until the Earth being arrived in 
Cancer, the North Frigid Zone is all in- 
volved in Darknefs, and the South Frigid 
Zone falls intirely within the Light ; the 
Days every where in the Northern Hemi- 
fphcre are now at the fliorteft, and to the 
Southward they are at the longell. As the 
Earth moves from hence towards Libra, the 
North Pole gradually approaches the Light, 
and the other recedes from it ; and In all 
Places to the Northward of the Equator 
the Days now lengthen, while in the op- 
pofite Hemifphcre they gradually fliorten, 
until the Earth has gotten into ^ ; in which 
Poiition the Days and Nights will again 
b* 
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be of equal Length in all Parts of the 
World. 

You might have obferved that in al! Po- 
fitions of the Earth, one Half of the Equa- 
tor was in the Light, and the other Half in 
" Darkncfs ; whence under the Equator, the 
Days and Nights arc always of the fairte 
Length : And all the while the Earth was 
going from ^ towards v, the North Pole 
was conflantly illuminated, and the South 
Pole all the while in Darknefs ; and for the 
other Half Year the contrary. Sometimes 
there is a Semicircle exactly facing the Sun, 
' 'fixed over the Middle of the Earth, which 
may be called the Horizon of the Diik : 
This will do inflead of the Lamp, if that 
Half of the Earth which is next the Sun be 
confider'd, as being the illuminated Hemi- 
fphere, and the other Half, to be that which 
lies in Darknefs. 
'A* 4. The great Circle r. b. n, &c. repre- 
fent the Earth's annual Orbit ; and the four 
leflcr Circles E S Q C, the Ecliptic upon the 
Surface of the Earth, coinciding with the 
great Ecliptic in the Heavens. Thefe four lef- 
fer Figures reprefent the Earth in the four 
Cardinal Points of the Ecliptic, P being the 
North Pole of the Equator, and^ the North 
Pole of the Ecliptic ; S P C the Solftitial 
Colure; which is always parallel to the great 
Solftitial Colure o V in the Heavens; 
E P Q^thc Equinoftial Colurc. The other 
• Circles 
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Circles pafling thro* P, are Meridians at two 
HoursDiftance from one another; the Semi- 
circle E iE Q. is the Northern Half of the 
Equator ; the parallel Circle touching the ' 
Ecliptic in S, is the Tropic of Cancer ; 
the dotted Circle the Parallel of LonHon^ 
and the fmall Circle, touching the Pole of 
the Ecliptic, is the ^rBic- Circle, The 
£haded Part, which is always oppofite to the 
Sun, is the obfcure Hcmifpncrc, or that 
which lies in Darknefs ; and that which Is 
next the Sun, is the illuminated Hemifpherc. 

If we fuppofe the Earth in ^i, flie'll then 
fee the Sun ir <r, (which makes our vernal 
Equinox) and in this Pofition the Circle, 
bounding Light and Darknefs, which here 
is S C, pafles thro' the Poles of the World, 
and bifciSs all the Parallels of the Equator ; 
and therefore the Diurnal and Nodurnal 
Arches, or the Lengths of the Days and 
Nights, are equal in all Places of the World. 

But while the Earth, in her annual Courfe, 
moves through "l, /, to V, the Line S C, 
keeping ftUl parallel to itfclf, or to the Place 
where it was at firft, the Pole P will, by 
this Motion, gradually advance into the illu- 
minated Hemifphere ; and alfo the Diurnal 
Arches of the Parallels gradually increafe» 
and confequently the No^urnal ones de- 
creafe in the fame Proportion, until the 
Earth has arrived into ij- ; in which Pofition 
the Pole P, and all the Space within the 
*. AriSic 
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Arftic Circle, fall wholly within the illami- 
nated Hemifphere, and the Diurnal Arches 
of all the Parallels that are without this 
Circle, will exceed the Nodurnal Arches 
more or lefs. as the Places are nearer to, or 
farther off from it, until the Dillance from 
the Pole is as far as the Equator, where both 
thefe Arches are always equal. 

Ag^a, while the Earth is moving from 
W, through sst x, to v, the Pole P begins to 
incline to the Line, diAinguifhing Light and 
Darknels in the ^me Proportion that be- 
fore it receded from it ; and confequently 
the Diurnal Arches gradually leiTcn, until 
the Earth has arrived into v, where the 
Pole P will again fall on the Horizon, and 
Ui caufe the Days and Nights to be every- 
where equal. But when the Earth has pafled 
V, while ihe is going thro' t* and ji, Cc. 
the Pole P will begin to h\\ in the obfcure 
Hemifphere, and fo recede gradually from 
the Light, until the Earth is arrived in ; 
in which Portion not only the Pole, but 
all the Space within the Ar^ic Circle, are, 
involved in Darknefs, and the Diurnal 
Arches of all the Parallels, without the 
Ardtic Circle, are equal to the Nocturnal 
Arches of the fame Parallels, when the Earth 
was in the oppolite Point yg ; and it is evi- 
dent that the Days are now at the 'Ihortell, 
and the Nights thelongeft. But when the 
Earth has paft this Point, while Hie is going 
through 
3 
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through SI and "l, the Pole P will again 
gradually approach the Light, and fo the 
Diumal Arches of the Parallels gradually 
lengthen, until the Earth is arrived in « ; 
at which Time the Days and Nights will 
again be equal tn all Places of the World, 
and the Pole itielf juft fee the Sun. 

Here we only confidered the Phacnoaiena 
belonging to the Northern Parallels ; but if 
the Pole P be made the South Pole, then all 
the Parallels of Latitude will be Parallels of 
South Latitude, and the Days every where, 
in any Position of the Earth, will be equal to 
the Nights of thofe who lived in the oppc- 
6te Hcmifphere, under the fame Parallels. 

Of the Pb^ts of the Moon^ and of ber Mo~ 
tien in her Orbit. 

The Orbit of the Moon makes an Angle 
with the Plane of the Ecliptic, of above 
5 ^ Degrees, and cuts it into two Points, di- 
ametrically oppofite (after the fame Man- 
ner as the Equator and the Ecliptic cut each 
other upon the Globe, in v and *) which 
Pointsarecalled^be A^0f/fj} and a right Line ^m^'* 
joining thefe Points, and paffing through 
the Center of the Earth, is called the Line ^w"/'** 
p/ the Nodes. That Node where the Moon 
begins to afcend Northward above the Plane 
of the Ecliptic, is called the AfceTiding 
Node, and the Head of the Dragon, and DregnU 
is thus commonly marked a . The other **'• 
Node, from whence the Moon defcends to 
the 
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the Southward of the Ecliptic is called th6 

Dr^gcni Defcending Node, and the Dragon's 7aj/^ 

Twi. and is mark'd 8. The Line of 5ie Nodes 

continually fhifts itfelf from Eaft to Weft, 

contrary to the Order of the Sigqs ; and. 

^"i'^' with this Retrograde Motion, makes one 

/j^/^. Revolution round the Earth, in the Space 

of about 19 Years. 

The Moon defcribes its Orbit round the 

^vi-w £^j.(jj j^ (jjg Space oizy Days and 7 Hours, 

which Space of Time is called a Periodical 

Mot'tb; yet from one Conjunflion to the 

next, the Moon fpends 29 Days and a Half, 

Sjiu£cai which is called a Synodical Month ; faeca,ufe, 

iieMtb. while the Moon in her proper Orbit finiihes 

her Courfe, the Earth advances near a whole 

Sign in the Ecliptic j which Space the Moon 

has ftiU to defcribe, before Ihe will be fcen 

in Conjunction with the Sun. 

When the Moon is in Conjunftion with 
the Sun, note her Place in the Ecliptic i 
then turning the Handle, you'll find that 
27 Days and 7 Hours will bring the Moon 
to the fame Place ; and after you have made 
2 f Revolutions more, the Moon will be 
exaftly betwixt the Sun and the Earth. 

The Moon all the while keeps in her 

Orbit, and fo the Wire that fupports her 

continually rifcs or falls in a Socket, as fhe 

changes her Latitude j the black Cap (hifts 

Thafisaf itfclf, and fo {hews the Phafes of the Moon, 

thi Unim. according to her Age, or how much of her 
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xnlightea'd Part is feen from the Earth. In 
one Synodical Montfi, the Line of ths 
Nodes moves about i \ Degree from Weft 
to Eaft, and fo makes one entire Revolution 
in 1 9 Years. 

Let A B be an Arch of the Earth's Orbit, Pifi^s. 
and when the Earth is in T» let the Moon '^'^' '" 
be in N, in Conjunction with the Sun in §, 
while the Moon is defcribing her Orbit 
N A F D, the Earth will defcribe the Areh 
of her Orbit T ty and when the Earth has 
got into the Point t, the Moon will be .in 
the Point of her Orbit n, having made one 
compleat Revolution round the Earth. But 
the Moon, before ftie comes in Conjundion 
with the Sun, muft again describe the Arch 
« i which Arch is limilar to T ty becaufe 
the Lines F i^, fn, are parallel j and be- 
caule, while the Moon, defcribes the Arch 
« 0, the Earth advances forward in the E- 
cliptic ; the Arch delcribed by the Moon, 
after ihe has finifhed her periodical Month, 
before {he makes a Synodical Month) muft 
be fomewhat greater Uian n o. To determine 
the mean Length of a Synodical Month, 
find the Diurnal Motion of the Moon (or 
the Space (be defcribes round theEarth in one 
Day) and tikewife the Diurnal I^otion of the 
Earth j then the Difference betwixt thcfc 
two Motions is the apparent Motion of the 
Moon roundthe Earth in one Day } then it 
will be, as this differential Arch is to a whole 
Circle, 
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Crde ; fo is oac Day to tha^ Spce of, 
■Jlme wherein the Moon appears to dc- 
fcrjbe a coipplcat Circle round the Ea'ith, 
which is about 294 Days. But this is not 
always a true Lunatiovt for the Motion of 
the Moon is fptnetimes fafter, and fome- 
times flower, according to the Ppfition. of 
the Earth in her Orbit. 

In one Synodical Month the Moon ; has 
flU Manner of Albefts with the Sun add 
Earth, and becaufeflie isopaqiie, that Face 
of hers will only appear bright which Is to- 
wards the Sun, whfle the oppofite remains 
in Darknefs. But die Inhabitants of the 
Earth can only fee that Face of the Moon 
which is turned towards the Earth -, and 
therefore, according to the various Fofidons 
of the Moon, in Refpeft of the Sun and 
Earth, we obfervc different Portions of 
her illuminated Face, and fo a continual 
Change in her J Pbafes. 
■ Let S be the Sun, R T V an Arch of the 
Earth's Orbit, T the Earth, and the Circle 
A B C D, &c. the Moon's Orbit, in which 
flie turns round the Earth in the Space of 
a Month ; and let A, B, C, Off. be the 
Centers of the Moon in different Parts of 
her Orbit. 

X Phafei of the Moon are thofc diffiemt AppearKncct 
Itic ebl'ecve in her, accordiog to her Pofition in rcfpcA of 
the Sod aud Eanh, 

Now 
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Now if with the Lines S A, SB, &c. 
we join the Centers of the Sun and Moon, 
and at right Angles to thefe draw the Lines 
H Oi the faid Lines H P will be the Circles 
that feparate the illuminated Part of the 
Moon from the dark and oblcure. Agtun, 
if we conceive another Line 1 L to be drawn 
at right Angles to the Lines T A, T B, Gff . 
paiBng from the Center of the Earth to the 
Moon, the faid Line I L will divide the 
vifible Hemifphere of the Moon, or that 
which is turned toward us, from the in- 
viiible, or that which is turned from us ; 
and this Circle may be called the Circle of 
Vijion. 

Now it is manifeft} that whenever the FuffMom. 
Moon is in the Poiition A, or in that Point 
of her Orbit which is oppoiite to the Sun> 
the Circle of Vifion, and the Circle bound- 
ing Light and Darknefs* do coincide, and 
all the illaminated Face of the Moon is 
turned towards the Earth, and is vifible to 
us ; and in this Pofition the Moon is faid to 
he full. But when the Moon arrives to B> 
all her illuminated Face is then not towards 
the Earth, there being a Part of it, HBI, 
not to be feen by us j and then her vifible 
Face is deficient from a Circle, and appears 
of a gibbous Form, as in B, Fig. 3. Again 
when {he arrives toC, the two forementioned 
Circles cut each other at right Angles, and 
jJwfl we obfcrve a Half Moon, as in C^ Ha'f 
N ' Fig. ■"*""' . 
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Fig. 3. And again the illuminated Face 
of the Moon is more and more turned from 
the Earth, until ftie comes to the Point E, 
where the Circle of Vifion, and that bound- 
ing Light and Darknefs, do again coincide. 
Here the Moon difappearB, the illuminated 
Part being wholly turned from the Earth ; 
and fhe is now faid to be in Conjun3ion 
with the Sutiy becaufe flic is in the fame 
Direftion from the Earth that the Sun is 

A«u in, which Pofition we call a New Moon. 

f^om. When the Moon is arrived to F, ftie again 
refumes a horned Figure, but her Horns 
( which before the Change were turned Weft* 
ward) have now changed their Pofition, and 
look Eaftward. When (he has arrived to a 
Quadrate Afpeft at G, (he'll appear biiTeftcd, 
like 4 Half Moon, afterwards (he'll ftill grow 
bigger, until at laft (he comes to A, where 
again (bc'U appear in her full Splendor. 

The fame Appearances which we obferve 
in the Moon are Hkewife obferved by the 
Lunarians in the Earth, our Earth being 
a Moon to them, as their Moon is to us j 
and we are obferved by them to be carried 
round in the Space of Time that they 
are really carried round the Earth. But the 
fame Phafes of the Earth and Moon happen 
when they are in contrary Pofition j for 
when the Moon is in Conjuni5tion to us, 
the Earth is then in Oppo(ition to the Moon, 
Rjid tb? Lunarifi'is have then g full Earth, 
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lb we in a fimilar Pofition have a full Moon. 
When the Moon comes in Oppofition to 
the Sun, the Earth, fcen from the Moon, 
will appear in Conjunftion with her, and in 
that Pofition the Earth will dilappear ; af- 
terwards ftie'll aiTume a horned Figure, arid 
fo {hew the fame Fhafes to the Inhabitant? 
of the Moon as flie does to us. 

Of the EcUpfet of the Sun and Moon. 

An EcUpfe is that Deprivation of Light £(%>. 
in a Planet, when another is interpofed be- 
twixt it and the Sun. Thus, an Eclipfc of 
the Sun is made by the Jnterpoiition of the 
Moon at her Conjunction, and an Eclipfe of 
the Moon is oc(^oned by the Shadow of 
the Earth falling upon the Moon, when 
ihe is in Oppofition to the Sun. 

Let S be the Sun, T the Earth, and /«/■ 4. 
A BC its Shadow j now if the Moon, when 
Ihe is in Oppofition to the Sun, fhould 
come into the conical Space ABC, die'll 
then be deprived of the Solar Light, and fo £<<»«- 
undergo an Eclipfe. ^'^■ 

In tne fame Manner, when the Shadow of 
the Moon falls upon the Earth (which can 
never happen but when the Moon is in Con- 
jundion with the ^yi) that Part upon which 
the Shadow falls will be involved in Dark- 
ncis, and the Surt eclipfed, But becaufe the ^^^ 
Moon is much lefs than the Earth, the Sha- 

N Z AQ9f 
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dow of the } cannotcover the \dito1e EartJl, 

^s- 5- but only a Part of it. Let S be thft Sun, 
T the Earth. A B G the Moon's Ofbii, and 
L the Moon in Conjundionr with the Sun'; 
Here the Shadow of the Moon' falU only 
upon the Part DEof the Earth's Surface, 
and there only the Sun is'eiitirely hid j but 
there are other Parts, EF, DG, on each Side 
of the Shadow, where the Inhabitants arc 
deprived of Part of the Solar Rays^ and-tfaat 
mote or lefs according to their Diftance froiii 
the Shadow. "Thofe who live at H and I 
.willfee Half of the Sun cdipfed, but in the 
Spaces F M, G N, all- the Sun's Body- witl 
be vifible without any Edipfe. From the 
preceding Figure it appiats, that an Eclipfe 
of the Suh doe's riot reach a great Way 
upon the Superficies 6f thS: Earth } but the 
whole Body of the Moon' may foffifilimcb 
be involved in the' Earth's Shadow. 

Although the Moon feth fVorti the Earth', 
and the Karth fce'nfrom the Wbdn; areeacli 
alternately, once a Month, in CdHjUilifHon 
with the Sun } yet, by Reafon of the IncU* 
pation of the Moon's Orbit to thtf Ecliptickv 
the Sun is not ecUpfed every New Moon, 

^'z- fi- nor the Moon at every Full. Let T be the 
Earth, DTE an Arch of theEdiptic, ALBP 
the Moon's Orbit, hatfog the Earth T 
jn its Center ; and let AGBC be another 
Cirgle coinciding with the Ecliptic, and 
At 
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Aj B, the Nodes, or the two Points where 
^he Moon's .Orbit and the Ecliptic cut 
each other ; A the afcending Node, and B 
the defcending Node. The Angle GAL 
equal to G B L is the Inclination of the 
Moon'sOxbit to the Ecliptick, being about 
5^Degrees. Now a Spectator from the Earth 
at T, will obferve the Sun to move in the 
■Circle A G B C, and the Moon in her Or- 
.bit A L B F i whence it is evident, that the 
Sun and Moon can never be feen in a direct 
Line from the Center of the Earth, but 
when the Moon is in one of the Nodes A 
or Hi and then only will the Sun appear 
-centrally eclipfcd. :?ut if the Conjunflion 
^f the K^oon ijappens whe;i £hc is any ;w.here 
.within the Diibince A c of the Nodes, ei- 
tl>er North or South, the Sun w^ll be then 
eclipfcd, Ti^ore. or lefs, according to tb.e Di- 
ftance from the Node A, or B. If the Con- 
jundion happens when the Moon is in ^, 
the Sun will be then one half eclipfed ; and 
if it happens when (he is in c, the Moon's 
Limb will juft touch the Sun's Diik, with- 
out hiding any Part of it. 

The Shadow of the Earth at the Place 
where the Moon'sOrbit interfe<3s it, is three 
times as large as the Moon's Diameter, as in 
Fig. 4. and therefore it often happens that 
Eclipfes of the Moon are Total, when they 
are not Central : And for the fame Reafon 
■N3 the 
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the Moon may fometimes be totally ecKpfcd 
for three Hours together ; whereas Total 
Eclipfcs of the Sun can fcarcely ever exceed 
four Minutes. 

The Eclipfcs of the Sun and Moon are 
very well explained by the Orrery : Thus, 
having put the Lamp in the Place of the 
Sun, and the little Earth and the little Moon 
in fheir proper Places, inftead of the larger 
ones, let the Room wherein the Inftru- 
ment ftands be darkened ; then turning the. 
Handle about, you'll fee when the Con- 
jund^ion of the Moon happens. When fhe 
• is in or near one of the Nodes, her Shadow 
will fall upon the "Earth, and fo deprive that 
Part upon which it falls of the Light of the 
Sun : If the Conjun&ion happens when the 
Moon is not near one of the Nodes, the 
'Light of the Lamp will fall upon the Earth, 
either above or below the Moon, according 
to her Latitude at that Time. In like 
Manner, when the full Moon happens near 
one of the Nodes, the Shadow of the Earth 
will £a\\ upon the Moon -, and if the Moon's 
Latitude be but fmall, her whole Face will 
be involved in Darknefs. At other Times, 
when the Full Moon happens when ihe is 
not near one of her Nodes, the Shadow of 
the Earth will pafs either above or below 
"' the Moon; and fo by that Means the Moon 
will cfcape being ecHpfed. 

Of 
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0/ tie Eclipfes of the Satellites of Jupiter. 

The apparent Diameters of the Inferior 
Planets are fo finally that when they pafs 
betwixt us and the Sun. they only appear 
like fmall Spots upon the Sun's Sur^co, 
without depriving us of any fenfible Quan- 
tity of his Light. The Shadow of the Earth 
likewife terminates before it reaches any of 
the fuperior Planets, fo that they are never 
eclipfcd by us 3 and the Earthy when ihe is 
in Conjundion with the Sun, only appears 
lies a black Spot upon bis Surface. 

But Jupiter and his Moons mutually 
eclipfe each other^ as our Earth and Moon 
do } as alfo doth Saturn and hia Moons. 
Thfe Satellites of Jupiter become twice hid 
from us, in one Circulation round if, wz. 
once behind the Body of Jupiter ^ i. e. when 
they are in the right Line joining the Cen- 
ters of the Earth and V -, and ag^n they 
become invifible when they enter the Sha- 
dow of Jupiter J which happens when they 
aj-e at their Full as feen from if, at which 
Times they alfo fufFer Eclipfes } which E- 
clipfes happen to them after the fame Man- 
ner as they do to our Moon, by the Interpo- 
fidon of the Eaith betwixt her and the Sun: 

Let S be the Sun, A B T the -Earth's Or- % 7. 
bit ; and C V D an Arch of Jupiter's Or- 
bit, in which let Jupiter be in the Point n j 
N 4 and 
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and let CFDH be the Orbit of one of Ju-^ 
piter\ Satellites, which we'll here fuppofe 
to be the fartheft from him. Thefe Satellites, 
while they move thro' the inferior Parts of 
their Orbs, viz. from D thro' H, I, to C, 
' feem from the Earth and the Sun to have a 
retrograde Motion ; Isit when they are in the 
fuperior Part of their Orbit, they are then , 
feen to move from Weft to Eail according 
to their true Motion. Now while they.de- 
fcribe thefupcrior Part of their Orbits, diey 
will be twice hid from the Earth, once in 
the Shadow of V, and once behind bis Body. 
If Jupiter be more Weftcrly than the Sun, 
diat is, when the Earth is in A, they'll be 
firft hid in the Shadow F, and afterwards 
behind the Body of t» in G : But when th* 
Earth is in B, then they are iirft hid behind 
X's Body in £, and afterwards fall into the 
Shadow F. While thefe Satellites defcribe 
theinfcrbr Parts of xheir Orbits, they only 
once difappear, which maty be either in I or 
H, according to the Pofition of the Earth, 
in which Places they cannot be diiliaguifh- 
cd from the Body of Jupiter. 

When the Satellites feen from % are in 
Conjunction with the Sun, their Shadows 
will then fall upon ■«, and fome Part of hi£ 
Body be involved in Darknefs, to which 
Part the Sun will be tota:lly eclipfed. 

By obferving the Eclipfcs of Jupiter'a 

Satellites, it was firft difcover'd that Light is 

not 
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hot propagated inftantaneoufly, thdugh it 
moves with an incredible Swiftnefs : For if 
Light came to us in an Inftant, an Obfer- 
ver in T will fee an Eclipfe of one of thefe 
Satellites, at the fame Time that another in 
K would. But it ha£ been found by Obfer- 
vations, that when the Earth is in K at her 
nearcft Diftance from Jupiter ^ thefe Eclipfes 
happen much fooner than when Ihe is in T. 
Now having the Difference of Time be- 
twixt thefe Appearances in K and T, we 
may find the Length of Time the Light 
takes in pailing from K to T, which Space 
is equal to the Diameter of the Earth's An- 
nual Orb. By thefe Kinds of Obiervations 
it has been found, that Light reaches from 
the Sun to us in the Space of eleven Mi- 
nutes of Time, which is at leaft at the Rate 
9f 100,000 Miles in a Second. 
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COZ.£,Sen^ and Jutf- 

Mathematical^ Pbihfopbical, and Optical Inftrument 
Makers (Succeffors to Mr. Wright, Mathematical 
Inftrument'Maker to His Majesty) at the Orrery, 
nepcftbe Globe Tavern in Flect-ftreet, London, 

MAKE all Sorts of Mathematical, PhUofophical, and 
Optical Inllrunicuts, ^ccordin^ CO the lateft and beft 
Improvements \n Silver, Brafs, Ivory, or Wood, 
neatly and compleatly fitted for all their different ITIes 
in the fevcral Branches of the Mathematics and Phitofopjiy ; 
where Gentlemen by fignifring the Plate and Figure of any In- 
ftrument in Gravtjtnd, Dejaguliers, or other Authors, may be punc- 
tually ferved therewith, or have any other Model or Machine made 
according to their own Contrivance i COLE, Sen. having had 
for many Years paft great Praflice and Experience in making 
feveral large and curious Orreries and Spheres, of different 
Kzes ; Foot-Meafuring Wheels, Way-wifers for Coach or Chaife, 
within fide or wthout ; Theodolites, and Levels of various Kinds ; 
HadUfi new-invented Sea-Quadrant, mounted either in Brafs or 
Wood ; (which for its Excellency far exceeds all Inllruments yet 
contriv'd for that Ufe ; but for fuch who (till retain a Dcfire for 
Davit's Quadrant, or arc unwilling to be at the Expence of Had- 
hy's, COLE, Sen. has contrived one on the Principle of Davls'ti 
which, for its eafy Application, and CorreiSlncfs in Ufe, may juft- 
jy be allow'd greatly preferable thereto:) Alfo, Sm<VA's Quadrant, 
i^nv/j's Quadrant, Azimuth, Amplitude, or other Ct>nipaucs of all 
Sorts, either for Cabin, Steerage, or Pocket. 

Artllicial Magneto, made according fo the Improvements lately 
pommunicated byDr. Knight to theRoYALSociETVj and likc- 
fvjfe his new-contrived Apparatus, for touching of Needles for the 

Mariners 
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